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ABSTRACT 
Proper management of pest ic ides appl icat ion i n  the U A E  i s  greatly lack i ng, 
caus ing wa te of resources and environmental concerns due to the excess ive u e of 
the e chem ica l s .  I t  has been reported that the rate of  pest i c ides use i n  UAE reaches 
about 1 0  kg/hectare/yr, posing a potent ia l  threat to the qua l i ty of water i n  underly ing 
aqu i fers. L i tt le, however i known about the mob i l ity of appl ied pest i c ides i n  the 
U A E  subsurface env ironment and the impact of these pest i c ides on so i l  and 
ground,vater qua l ity .  
The a im o f  th i s  stud was to ga i n  an understand ing of the fate and mob i l ity of 
pe t i c ides in the U A E  subsurface env ironment.  Th is  study focused on the ro le  of 
mechan isms l ike advect ion, d i spersion degradation, and sorpt ion that affect pest ic ides 
tran port i n  the so i l .  The study was conducted i n  the laboratory using so i l  pac ked 
co lumns .  Batch exper iments \ ere a lso conducted to assess the impact of some of the 
abo e mechan isms .  
In  th i s  rudy, three pest ic i des that are commonly  used i n  UAE were emp loyed 
( i . e .  d im ethoate, metalaxyl and cymoxan i l ) .  Two sandy soi l s  from A I  Foah and Abu 
Samra areas i n  Al  A in  d i str ict, Abu Dhab i  Emi rate were co l l ected and ut i l ized i n  the  
study . Both  so i l s are a l ka l i ne w i th s i m i lar texture but have d i fferent organ ic  matter 
content that ranges between 0 .2% to 0 . 8%. Resul ts  showed that the pest ic ides are 
subject to various extent of degradation w ith cymoxan i l  undergoes the h ighest rate 
e pec ia l ly at h igh pH va l ues .  The study revea led that there was no infl uence of l ight 
and i nd igenous m icroorgan isms on the degradation of the used pe tic ides w i th in  an 
experimental  t ime of  3 days. 
Pest ic ides sorpt ion to so i l  is increased by the increased so i l  organ ic  matter 
content w i th d i methoate and metalaxyl are being more read i ly orbed on soi l \\ ith 
h igh organ ic  matter compared to sorption on so i l  w i th lower organic matter. 
I II  
Pe t i c ides  orpt ion is a lso affected by the compound hydrophobic ity w i th metalaxyl 
be ing more sorbed than d imcthoate on a given so i l .  Both d imethoate and meta laxy l 
sorb l i nearly on so i l  w i th low organic  matter, wh i le meta laxy l undergoes nonl inear 
sorpt ion on the soil w ith high organic  matter. Cymoxan i l  sorpt ion to both so i l s  was 
not eva l uated due to the loss of the chemical  from solut ion by hydrolys is .  
Generated breakthrough curves (BTCs) for the ideal  tracer (brom ide) and the 
emp loyed pe tic ides were ana lysed using the nonl inear least-squares model 
(CXTFIT2 .0) .  B TCs obta ined for brom ide were used to describe the d i spers ive 
behaviour  orthe two so i l s .  I t  was found that the d i spers iv i ty of Abu Samra so i l  is O. J 2 
c m  w h i l e  that o f  A I  Foah 0 .34  c m .  Generated BTCs for the used pest ic ides were 
ana lyzed b) moment  analysis to determ ine the retardation coeffic ient (R)  and the fi rst­
order degradat ion rate constant (A). S imu lat ion of BTCs us ing the determ ined 
coeffic ients showed that the equ i l ibr ium mode l adequate ly descri bed transport of 
d imethoate in  Abu  Samra so i l ,  but fa i led to describe breakthrough data for metalaxy l .  
A good descr ipt ion of  the BTC for metalaxyl w e  obta i ned when t h e  two-site sorption 
nonequ i l i br ium model was used .  The mass-transfer  rate coefficient  for metalaxyl can 
be pred icted u s i ng emp i rica l  re lat ionships reported in  the l i te rature . 
Comparison between transport parameters determ i ned by moment analys is and 
those determ i ned by c u rve fitt ing showed that the use of moment analys is  i s  suffic ient 
to obta i n  R and A. I t  was a l so observed that the val ues of the sorption d istri but ion 
coeffic ient (Kd) dete rm ined from the co lumn stud ies were 2- J 0 t imes h igher than their  
counte rparts obta i ned from batch experiments.  Th i s  study a lso revealed that there 
appears to be an enhanced degradat ion of the pest ic ides in a so i l  env i ronment as 
compared to the ir  hydrolys is  in the aqueous solut ion .  
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1 . 1  OVERVIEW 
CHAPTER 1 
INTRODUCTION 
Only 3% of  a l l  water on earth is fresh water and about 80% of th is  i s  
unava i lab le a i t  i s  present as po lar  ice .  Th is  means that less  than I % of a l l  water i s  
potent ia l ly  ava i lab le  and bout  95% of th i s  i s  present as groundwater. The rema in ing 
50/0 ( Ie  s that  0 .05% of tota l water on earth) i s  surface fresh water i n  r ivers, lakes, 
atmosphere and so i l  moi sture (Mand l  et a l .  1 994). 
Over the years, contam ination of groundwater has been a major concern 
\\ or ldw ide .  Contam inants are i ntroduced i nto the subsurface environment from 
various sources i nc lud i ng domestic,  agricu l tura l  and industr ia l  act i vi t ies .  
Contam inants i ntroduced through agricu ltura l  act ivit ies are ranked number three i n  
t he  Un i ted tates i n  terms of their frequency of caus ing major threats to groundwater 
qua l i ty ( Fetter, 1 993) .  A mong contam inants. n i trates and pest ic ides are cons idered the 
most cr i t i ca l  ones (US EPA,  1 990).  
Once groundwater i s  conta m inated, analyzing the problem and provid i ng 
a l ternat i ve v. ater suppl ies can be qu ite expens ive.  S i nce the d iscovery i n  1 979 of 
a ld i carb i n  Long I s land groundwater for examp le. more than $3 m i l l ion has been 
spent measur ing a ld i carb concentrat ions in  Long I s land we l l s  (Trautmann et a I . ,  
webs ite 1 . 1 ) . Moreo er, act ivated carbon un its have been i nsta l led i n  more than 2 , 500 
affected hou eholds. and p lans were made to replace i nd i vidual  we l l s  w i th expens ive 
commun ity water supply systems (Trautmann et a I . , website 1 . 1 ) . These huge 
expenses have helped to define and treat the problem.  yet have not corrected the 
underly ing groundwate r contam inat ion .  
nother poss ib le  con equence of pest ic ide contam inat ion of groundwater i s  
los ing the u e of  a part icu lar  pest ic ide.  For examp le, a ld icarb may no longer be used 
on Long l s l and . Other compound such as DBCP and EDB (ethy lene d i brom ide) were 
banned completel  from agricu ltural use i n  the Un ited Sates after the i r  d iscovery in  
groundwater. Of  the fort) -s i x  pest ic ides recent ly found i n  groundwater i n  d i fferent 
regions of the Un i ted  ates twe lve are no longer ava i lab le for agr icu ltura l  use 
(Trautmann et a I . ,  webs ite 1 . 1 ) . 
C leanup of  groundwater conta m inated by pest ic ides often i s  impossib le, and 
the contam inat ion may last for many years.  The low m icrob ia l  act iv i ty i n  groundwater 
cau es pest ic ide degradation to occur more s lowly than at the so i l  surface. The s low 
movement of groundwater means that i t  may take decades for the contam inated water 
to flow beyond the affected we l l s .  Even detennin ing which we l l s  w i l l  be affected and 
for how long is a d i fficu l t  prob lem,  necess i tat ing expens ive long-range mon i tori ng. 
Due to the potenti a l  groundwater contam ination w i th commonly used pest ic ides, 
e fforts have been d i rected i n  the last decade towards produc ing new pest ic ides that 
can be appl ied in smal l quant i t ies and yet g ive good pest-res i stance and are 
degradab le .  
Pest ic ides are  \\ ide ly used in  the U n i ted Arab  E m i rates (UAE) and rema in  an 
essent ia l  com ponent of crop product ion and contro l of pests. A l though there i s  an 
i ncreased emphas i s  on reduc ing inputs when feas ib le, over 90% of the acreage now 
used for major  fru it and vegetab le crops i n  the U A E  cont i nue to be treated w i th 
arious c lasses of pest ic ides ( Kaakeh et aI. , 2004).  Proper management of pest ic ides 
appl icat ion i n  the U A E  i s  great ly lack ing, causing a waste of resources and 
env ironmental  concerns due to the excess ive use of these chemica l s .  
Protect ion of  groundwater resources from pest ic ides contam inat ion in  UA E i s  
necessal) s i nce a lmost a l l  the water consumed for i rr igation comes from underl; i ng  
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aqu i fer . Litt le a l so i know about the mob i l ity of appl ied pest i c ides in  the U A E  
ub  urface environment and the impact of these pest i c ides on so i l  and groundwater 
qua l ity. It is  wel l estab l i shed that water is one of the primary med ia in which 
pestic i de are transported from appl icat ion areas to other locations. I lowever, there is 
no con en us yet of the major mechanisms that affect the transport of pest i c ides in the 
U A E  subsur face env i ronment .  
Successfu l  pred ict ion of pest ic ides transport in the subsu rface env ironment 
great ly depends  on understand ing the ro le of transfer and transforms processes 
contro l l ing their  movement. Research suggests that the movement of pest i c ides in the 
en i ronment is comp lex, w ith transfer mechanisms occurr ing cont inua l ly among the 
d i fferent envi ronmenta l compartments . Transfer mechan isms may involve advection, 
d ispers ion, sorpt ion, vo lat i l izat ion,  and p lant uptake. Transfom1ation mechanisms 
p lay an important ro le in  the fate of pest ic ides and may inc l ude b iodegradation and 
chem ica l  degradat ion.  The latter may i nc l ude photodegradation and hydro lys is .  
Four m aj or fac tors determ i ne whether a pest i c ide is l i kely to reach 
groundwater, namely:  ( 1 )  pest i c ide propert ies, (2)  so i l  properties ,  ( 3 )  s i te cond i t ions, 
and (4) management prac t ices ( Kaakeh et a ! .  2004). Worra l l  et a!. (2002) conc l uded 
that both chem ica l  propert ies and so i l  properties have a s ign ificant and i ndependent 
effect on groundwater po l l ut ion by pest i c ides. Nevertheless, in teract ion between s i te 
and chem ica l  fac tors represents the most important contro l  on the occurrence of  
pest i c ide in groundwater (Worra l l  et a! . ,  2002).  Presence of  pest ic ides in UAE 
aqu i fers has not been invest igated . [ t  i s  not even c lear what transport mechanisms w i l l  
predom inate w i th so i l  materia l s  typ ica l  to those o f  agr icu ltura l  lands in  the UAE .  
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1.2 O BJECTIVE 
The overa l l  object ive of thi s  study is to ga in  an understand ing of the fate and 
mob i l i ty of pe t i  ides i n  the UAE subsurface environment .  Spec i fica l ly, the study w i l l  
foc u  on :  
I .  I nvc t igat ing the ro le of advect ion and  d ispersion on the transport of  pest ic ides 
2. I nve t igat ing the ro le of  pest ic ide! o i l  chem ica l  i nteract ion .  
3 .  lnvest igat i ng  the ro le of degradat ion on pest ic ides mob i l  ity. 
4. Model  the mobi l i ty of se lected pest i c i des in  groundwater us ing laboratory-derived 
tran port parameters . 
I t  i s  ant i c i pated that this study w i l l  have a s ign i ficant impact on better 
understand i ng how se lected pest ic ides through aqu ifer  mater ia l s  representat ive of the 
U A E  subsurface env ironment and a l lows for pred i ct ion of pest i c ide mob i l i ty and 
accumu lat ion in U A E  groundwaters. A lbe i t  i nd i rect, this study shou ld  a lso benefi t  
future efforts d i rected towards  management of pest i c ides appl icat ion and ut i l i zat ion i n  
the country .  
1 . 3  A P PR O A C H  
Ident i ficat ion of the role of each mechan i sm affect i ng the mob i l i ty of 
pest i c ides requ i res  i so lat ion of that mechan ism.  This  approach has been taken by 
Maraqa and co workers (Maraqa et aI . ,  1 997; 1 998; 1 999a; 1 999b; Voice et aI. , 1 997)  
i n  i nvestigat i ng transport of volat i l e  organ ic compounds i n  groundwaters . A s im i lar 
approach w i l l  be fo l lowed i n  thi s study to invest igate the transport of pest ic ides 
through co lumns  packed w i th so i l  samples representat ive of  AI A i n  so i l  env ironment .  
Batch stud ies w i l l  be conducted under spec ified cond i t ions i n  order to gain an 
understand ing of  the ro le of hydrolys is, photodegradat ion,  sorpt ion,  and 
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b iodegradat ion .  M i  c i b le  d i  p lacement stud ies wi l l  be performed on packed so i l  
co l umns to ass the impact of advect ion and d ispers ion as we l l  a other transfer and 
tran form mechan i  ms . 
imu lat ion of pe t i c ide movement through saturated col umns packed wi th 
natura l soi l mater ia l  from UAE wi l l  be conducted us ing the CXTFIT2 .0  program of 
Toride et  a l .  ( 1 995) .  
1 ,4 SCOPE O F  WORK 
The present i nvest igation was conducted using three d i ffe rent pest ic ides 
(D imethoate, Cymoxani J  and M etalaxyl )  that are commonly used i n  U A E .  This study 
invo l  es  the use of two so i l  mater ia ls  that were co l lected from AI Foah and Abu 
amra area i n  Al  A in  c ity. The PNO so i l s  are s imi lar in  texture but  vary i n  the i r  organ ic  
matter content .  In  a l l  the experiments (batch and col umn), the  so i l s  were homogen ized 
before use and the experiments were conducted under laboratory cond it ions us ing 
synthet i c  so lut ion produced in  the laboratory.  Column experiments were conducted 
under steady state, saturated flow cond it ions .  I n  the co l umn experiments, the average 
pore-water ve loc ity used (3-4 cm/hr) is may not be representat ive of pore-water 
ve loc i t ies  typ ica l  to those found in the fie ld .  
A l though th is  study considers degradat ion of pest ic ides as  a mechan ism that 
affects the u l t imate fate of these chemica ls  the study does not address or invest igate 
the nature of the degradat ion byproducts. 
1 .5 T H ES I S  ST RUCTURE 
The thes is  i s  organ ized into five  chapters. Chapter I describe a genera l  
overviev, of groundwate r contamination wi th  pest ic ides and  present the rat ionale and  
objec t ives of th i s  study. Chapter 2 rev iews the  l i terature perta i n i ng to  c lass i fications 
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of  pest i  ides and their  hea lth impact .  Pest ic ides imported to U A E  were explored in 
this chapter. Furthermore, Chapter 2 provides a review of the fate of pest ic ides in the 
em ironment and their ubsurface transport mechan isms .  Chapter 3 descri bes the 
mater ia l  and methods inc lud i ng so i l  materia l s  and pest ic ides used as wel l as the 
d i fferent eAperiments employed . Chapter 3 a l so explores the analyt ica l  techn iques 
adopted for the tracers 1I ed and highl ights the method used to reduce and ana lyze the 
generated data. Resu lts of this study are presented in Chapter 4 a long wi th d iscussion 
of the obtai ned resu l ts .  F ina l ly ,  Chapter 5 conc l udes this study and sets some 
recommendat ions.  
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CHAPTER 2 
LITERA TURE REVIEW 
2.1  C LASS I F I CA T I ON A N D  US ES O F  PEST I C ID ES 
The Federa l  I nsect i c ide, Fungic ide, and Rodent ic ide Act (F I FRA )  defined 
pest i c ides a : an) substance or m i xture of substances intended for prevent ing, 
destroying repel l i ng, or m i t igat ing insects, rodents, nematodes, fungi .  or weeds, or 
an) other form of l i fe dec lared to be pests; and any substance or m ixture of substances 
in tended for use as a p lant  regulator, defo l iant, or desiccant (Marer et a I . ,  1 988) .  Thus, 
pests can be an ima l s  ( l i ke insects or m ice), unwanted p lants (weeds). or 
m ic roorgan isms ( l i ke p lant d iseases and v i ruses) (Kumar et a I . ,  1 996) .  
Pest ic ides are c lassified based on target pests and pest ic ide functions or they 
are c lass ified accord ing to chem ica l  orig in .  C lass i fication of pest ic ides based on target 
pests and pest i c ide funct ions is presented in Tab le 2 . 1 .  For examp le, insect ic ides 
contro l insects, herb ic ides contro l  weeds and fungic ides contro l fungi . A lso to 
regu late an ima l  or p lant growth. growth regulator pest ic ides are used . Pest ic ides are 
a lso grouped accord ing to chemica l  or igin (Table 2 .2 )  (Marer et a I . ,  1 988) .  
Pest i c ides use has benefited modem soc iety by improv ing the q uant i ty and 
qua l ity of  the world's product ion whi le keep ing the cost of that food supply 
reasonable. The use of pest ic ides is an important aspect of modem agricu lture to 
contro l various l iv ing  organ isms that cause damage or econom ic loss, or produce 
d iseases ( Kumar et aI. , 1 996) .  In Austra l ian agricu l ture, for example, the benefits of 
pest i c ides are est imated to be in  the range of $A4-S b i l l ion each year (Kookana et a I . ,  
1 998 ) .  
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Table  2 . 1 Pest ic ide lass i fication Based on Target Pests and Functions. (Marer et a I ., 
1 988) 
Pesticide Type Pests Controlled or Function Examples of Pesticides 
Acaricide Mites Propargite (Omite, Comite) 
Fenbutatin-oxide (Vcndex) 
Algaecide Algae Copper sui fate 
Dichlone 
Endothall (hydrothol 191) 
Anractant Attract pests Pheromones 
Baits 
Miscellaneous chemicals 
A\ Icide Birds Aminopyridine (A itrol) 
Starlicide 
Omitrol 
Bactericide Bacteria O:--ytetracycline (mycoshield) 
Copper compounds 
Defoliant Remo\e plant foliage Endothall (Accelerate) 
Thidiazuron (dropp) 
Tributyl phosphorotrithiote (role:--) 
Desiccant Remove water from arthropod pests Boric acid powder 
Silica gel 
Diatomaceous earth 
Fungicide Fungi Benomyl (ben late) 
Copper sulfate 
Captan 
Growth regulator Regulates plants or animal growth Gibberelic acid (Pro-Gibb) 
Chlorocarbanilate (Sprout Nip) 
Methoprene (precor) 
Herbicide Weeds Atrazine 
Bromoxynil (buctril) 
Trifluralin (tretlan) 
Paraquat 
Petroleum oil 
Insecticide In ects Diazinon 
Permethrin (ambush) 
Azinphos-methyl (guthion) 
Parathion 
\lolluscicide Snails and slugs Snarol 
Mesurol 
Triphenomorph (Frescon) 
Clonitralid (Bayluscide) 
Nemati ide Nematodes Carbofuran (Furadan) 
Phosphoramidate (nemacur) 
Dichloropropene (Tel one) 
Piscicide Fish Rotenone 
Lamprecide 
Antimycin (Finlrol) 
Predacide Mammal predators Strychnine 
Zinc phosphide 
Compound 1080 
Repellent Repels animal or i l1\ertebratcs Deet 
Mesurol (methocarb) 
Avitrol 
Thiram 
Rodenticide Rodents Ch lorophaci none 
trychnine 
I !ydro:--ycoumarin (Warfarin) 
Diphacinone (diphacin) 
Bromadiolone (Ma"i) 
Sil\icide Trees and \\ oody shrubs Tebuthiuron (Spike) 
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Ta ble  2 . 2  Pest ic ide CIa s i ficat ion Based on Chem ical  or ig in (Adopted part i a l ly from 
Marer et a l . ,  1 98 8) 
Chemical Type E;o.amples Mode of Action 
INSECTICIDES 
Petroleum oils Supreme oil, superior oil Physical toxicants 
Organoch lori nes DDT Axonic poisons 
Cvclodienes Central nervous system 
Organophosphate 
-Aliphatic derivatives Dimethoate ynaptic poisons 
-Phen}1 derivatives Eth) I parathion Central nervous ystem 
-Heterocyclic deri\'ati\es Chlorp) rifos 
Carbamates Carbar) I Central nervous system 
Aldicarb 
Dinitrophenols Dinoseb Mctabolic inhibitors 
Botanicals Nicotine Postsynaptic poisons 
P)rethrum Axonie poisons 
Pyrethroids Pemlcthrin Axonic poisons (also inhibit mixed 
Femalerate function oxidase \\ hen mixed with a 
Allethrin synergist) 
lnorganics Silica gel, Boric acid Physical toxicants 
Sulfur 
Fumigants Meth) I bromide Narcotic and alkylating agents 
naphthalene 
Microbials Bacillus Ihuringiensis Various 
Viruses 
Fungi 
Insect gro\\ th regulators Methoprene Inf1uence grO\\ th and development 
Other chitin s) nthesis inhibitors 
HERBICIDES 
Inorganics Sodium chlorate Desiccant 
Petroleum oils Physical toxicants 
Organic arsenicals MSMA, DSMA, cacodylic acid /interfere with cellular respiration and 
metabol ism and other functions 
Phenoxyaliphatic acid l,4-D, '2,4,5-T Multiple actions 
Amides Propanil, alachlor, metolaclor Inhibit root and shootgrowth 
Substituted ureas Tebuthiuron Block photos)nthesis 
Carbamates Propham, barban Block photosynthesis and interfere 
with cell division 
Triazines A trazine, simazine B lockEhotosynthesis 
Phenol deri\'ati'es Dinoseb Destroy cell membranes, also a 
desiccant 
Microbials Phylophlhora pa/mlvora 
PLANT GROWTH 
REGULATORS 
Auxins IAA, 2,4-D, V AR 
Gibberellins 
Cytokinins 
FUNGICIDES 
Inorganic fungicides Copper Enzyme inhibitor 
Sulfur Metabolic inhibitor 
Dithiocarbamatcs Thiram Enzyme inhibitor 
Triazines Anilazine Inhibit metabolism and protein 
synthesis 
Dicarboximidcs Captan EnL)me inhibitor 
Oxathiins Carbo:--in Metabolic inhibitors 
Ac) lalanines Metala:--}I 
Aliphatic nitrogen Dodine Inhibit metabolism and protein 
compounds s;nthesis 
Fumigants Chloropicrin 
Antibiotics Strcptomycin, cycloheximidc 
9 
The U S  Env i ronmenta l Protect ion Agency ( U S  EPA) est imates that 
approximately 550  m i l l ion kg of pest ic ides are sold annual ly in the Un i ted State. 
About 70% (380  m i l l ion kg) of the pest i c ides appl ied are used for agricu ltura l  
production of  food and  fi ber. The largest user of agrochem ica ls  i n  the world i s  the 
European Commun ity C EC),  and s i x  of the ind i v idual  countries are w i thi n the top ten . 
I n  the EC member states, the use of pest ic ides ( i n  agr icu l ture) amounts to about 320 
m i l l ion kg of  act i ve i ngred ients per year and this amount may vary from year to year 
due to \\- eather cond i t ions (van den Berg and van den l inden, 1 994). 
2.2 H EALT H I M PACT 
Contam i nat ion of so i l  and groundwater by pest ic ides poses a potent ia l  hazard 
and serious threat to human health and env i ronment. UN Food and Agr icu l ture 
Organ izat ion (FAO) and the World Hea lth Organ izat ion (WHO) warned i n  a jo int 
statement that around 3 0% of pest ic ides marketed i n  the developing countries do not 
meet in ternat iona l ly accepted qua l i ty standards .  They are pos ing a serious threat to 
human health and env i ronment (webs i te 2 . 1 ) . A lso, the U . S . Nat ional  Academy of 
Sc iences est i mates that t ighter contro l s  of pest ic ides would reduce the r isk of cancer 
from pesti c i des i n  the U n i ted tate by 80%. Pers istent pest ic ides are b ioaccumu lated 
and magn ified in food cha i ns, eventua l ly reaching toxic levels  in top carnivores, 
i nc l ude humans .  One example of these pest ic ides is D DT, which had been forbidden 
(Cunn ingham and Saigo, 1 992) .  
The heavy use of agricu ltura l  insect ic i des i n  assoc iat ion with i rr igat ion can 
i nd uce or aggravate the res istance of ma laria vectors due to contam inat ion of surface 
water w ith these in ect ic ides such as what has occurred w ith A nopheles olbimonlls in 
Centra l  A merica  and A.  quodrtllloculorlls in Mexico and the Un ited State (WHO 
1 985 ,  PAHO 1 99 1 ) . Thi s can  d im in ish the effecti veness of i nsect ic ides, which 
1 0  
cont inues  to be the princ ip le  malar ia contro l  measure In Lat in America and the 
Caribbean (LAC) (Re i ff, 1 993) .  
inee the ear ly 90s the UAE has wi tnessed a rap id  development in  the fie ld  of 
agricu l ture .  This development, however, i s  not w i thout i ts adverse effects. The 
execs i e use est ic ides for the purpose of increas ing c rop y ie ld may pose 
environmental hazards and hea l th problems due to poss i b le contam inat ion of 
groundwater and th so i l  materia l s  as we l l  as due to plant uptake. D i rect hea l th impact 
of the use of pest i c ides in the country has been invest igated by Beshwari et a l .  ( 1 999) . 
They conc l uded that the use of pest i c ides in  the U A E  has resu lted i n  acute respiratory 
ymptom and changes in body metabo l ism .  
2 . 3  PE ST I C I D E S  I M PORTE D  TO UAE 
Pest i c ides used i n  the UAE fe l l  under one  of the fo l lowing c lasses or groups 
a cord ing  to the i r  use:  insect ic ides,  fungic ides, nemat i c  ides, acaric ides, rodent ic ides, 
defo l iants, growth regu lators, etc . More than 2.5 m i l l ion l i ters (or kg) of pest ic ides 
were i mported to U A E  d uring the three years 1 996- 1 998 (Table 2 . 3 ) .  A tota l of  822 
d i fferent types of  pest i c ide \\  ere reg istered in  the U A E  dur ing these years.  I nsect ic ide 
products ( for agr icu ltural  use)  have the greatest share in  tota l amount and use in  U A E  
a t  46 .4% for o n l y  1 1 0 products out of 249 registered agric u l tura l  i nsect ic ides 
( M i n istry of  Agricu l ture and F i sheries-UA E, 1 999).  Fungic ides account for the 
second largest category at 22 .0% for on ly 67 products out of the 1 84 registered 
fungic ides .  Other types of pest i c ides constitute the rema in ing percentage ( i .e  . . 2 8 .2%) 
M in i stry of A gric u lture and F isheries-UAE ,  1 999).  
The amount of pest ic ides imported to U A E  d i ffered during the years 1 996-
1 998  as shown in Table 2 .4 .  It is observed that the amount imported during 1 998 i 
genera l ly higher than the amount imported during the other tv. 0 years. This is poss ib ly 
I I  
attributed to an expan ion i n  the agricu ltura l  sector after 1 997 as the cu l t ivated area 
d uring the period 96-98 \\ a about 57700, 66300, and 93600 ha, respect ively.  
Table 2.3 
( M '  . 
umber  of  reg istered pest ic ides and quant i t ies imported dur ing 96-98 .  
I n l stry 0 f A ' I d .gnc u ture an Fi sheries - UAE, 1 999). 
Pest ic ide  type No. of  regi tered 
pest ic ides 
A .  I nsec t i c ides :  Agricu ltura l 249 
B. So i l  i nsect ic ides/ nemat ic ides 1 9  
C .  Acaric ides :  Agricu l tural 34 
D .  I nsect ic ides :  Pub l ic Health 1 68 
E .  Fungic ides 1 84 
F .  Bacter ic ides 3 
G .  H erb ic ides 20 
H .  Rodent ic ides 47  
1 .  Nemat ic ides 1 3  
1 .  M o l lusc ic ides 4 
K. I nsect ic ides & m it ic ides 4 
( veterinary) 
L.  Soi l  steri lants 9 
M .  P lant horm ones, growth 1 3  
regu l ators, etc . 
N .  Spreaders, st ickers, buffers, etc. 20 
O.  I nsect pheromone l ures 1 3  
P .  Act ive ingred ients for local 8 
pest ic ides formu lat ion 
R. Deodorizers 5 
S .  Leaf-sh ine, fru it and veg. wax, 9 
d is i nfectants. 
Tota l 822 
Q u a n t i t ies ( kg) im ported 
d u ri ng 96-98 
(No. registered pesticides) 
1 ,208,004 ( 1 1 0) 
83 ,609 ( 1 7) 
346,2 1 3  (38 )  
793 ,238  (67) 
2 ,500 ( 1 )  
1 1 3 ,650 ( I I )  
59, 1 05 (6) 
2,603,8 1 9  
Kaakeh et a ! .  ( i n  press) est imated that the average amount o f  pest i c ides used in  
the UAE is 9 . 86 l iter (or kg)  per  ha per  yr .  Th i s  number i s  re lat ive ly h igh compared 
to pest ic ides use in other countries inc lud ing I nd i a  (0 .5  l iter or kg/ha per yr), U SA 
( 1 . 5 l i ter/ha per yr), and Europe ( 1 .9 l i ter/ha per yr), but comparab le  to the amount 
used i n  Japan ( 1 0  l i te r/ha per yr) as reported by Rao ( 1 998) .  I t  should be noted that 
that rate of  pest i c ide  use in  U A E  as reported by Kaakeh et a ! .  ( i n  pre s) was based on 
the assumption that a l l  i mported pest ic ides \vere u ed during the year 1 996- 1 998 on 
the spec i fied cu l t ivated area reported by the M i ni  tl) of Agricu lture and F i sheries. 
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Table  2 . 4  A mount o f  se lected agr icu l tural  insectic ides and fungic ides imported to 
UAE d . 96 98  ( . . unng - . M i n istry of  Agricu lture and F i sheries - U A E, 1 999). 
Quan t i t ies (l i ter)  i mported d u ring: 
Pes t ic ide type Com m e rcia l  name 1 996 1 997 1 998 96-98 
Acte l l ic 50 EC 4,900 29,000 2 1 ,000 54,900 
Act ion 5 1  EC 27,754 32,600 70,200 1 30 ,554 
A fl ix 1 1 ,000 1 3 ,000 1 0,000 34,000 
Oec i s  2 . 5  EC 6,000 7,000 8 ,500 2 1 , 500 
Oimeclor  - 3 ,000 2,000 5,000 
Agr icu l tura l  Oursban 4E 22,200 1 5 ,900 30 ,600 68,700 
insect ic ides Hostathion 40 EC 9,000 1 2,000 1 3 ,500 34 ,500 
Karate 2 . 5  EC 1 3 ,000 1 8,000 24,000 55 000 
M arsha l  25% EC 3 ,000 1 3 , 824 39,494 56,3 1 8  
Rogod ia l  53  EC 5,000 2,000 7,949 1 4,949 
Ro l fan 5 8% EC 20,000 4,600 1 4,480 39,080 
Tota l 1 2 1 ,854 1 50,924 24 1 ,723 5 1 4,50 1 
Rem i l t i ne 50 WP 1 3 ,000 6,000 1 2 ,360 3 1 ,360 
Redomi l  MZ 72 WP 6,450 7,750 1 1 , 750 25,050 
Fungic i des Tich igaren 30  L 9,000 1 0,000 1 5 ,000 34,000 
Tops i n  - M 40 WP 1 ,000 4 ,000 7,000 1 2,000 
Total  29,450 27 ,750 46, 1 1 0  1 02,4 1 0  
2 ,4  FATE O F  PEST I C I D E S  I N  T H E  SO I L  
The fate o f  pest ic ides i n  the so i l  env i ronment i s  v iewed w ith a great concern 
today due to the i r  l each ing to aqu i fers and contam inat ion o f  groundwater. Genera l ly, 
the fate of  pest i c ides i s  descr ibed by how and where i t  enters the env ironment, how 
long i t  lasts. and w here i t  goes CAyl more and Oi ,  2000). 
Understand ing the basic properties of  pest ic ides and interact ions with so i l s  is  a 
complex process .  Pest i c ides represent a heterogeneous group of  chemica l  substances, 
where propert ies  such as polar i ty, charge and degradation rate greatly infl uence their  
mobi l ity .  Moreover, so i l  propert ies such as pH and content of  natura l organic matter, 
c lay and Fe/AI  oxides i nfluence to a large extent the retention o f  pest ic ides in  so i l s  
( R i ise et a ! . .  1 997) .  I n  add i t ion, moisture and temperature status o f  the  so i l  i n fl uence 
pest i c ide behavior d i rect ly through the i r  effects on pest ic ide adsorpt ion vaporizat ion 
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and so l ub i l ity, and ind i rect ly through the ir innuence on phys iological  processes in the 
p lant  and m ic rob ia l and chemi  al decompos it ion of the chemica ls  (Weber and Weed, 
1 986) .  
a resu l t  of many fie ld  and laboratory stud ies, the  U S  EPA has compi led a 
l ist o f  key c hem ica l  and phys ical  propert ies ca l led threshold va l ues (Tab le  2 . 5 ) .  
I though the  thre ho ld  va lues provide on ly  a rough guide, compounds w ith propert ies 
that do  not sat i  fy these l i m its warrant extra attent ion because of the i r  re lat ively h igh 
potent ia l  for leach ing to groundwater. The fie ld  d iss ipat ion ha lf- l i fe for a pest ic ide 
takes into account phys ica l ,  chemica l ,  and b io logical  degradat ion, and p lant uptake. 
The u e of  ha l f- l i fe requ i res  caut ion s ince these est imates are h igh ly dependent on the 
chemica l ,  phys ica l ,  and b io logica l propert ies of the so i l  be ing tested .  
Ta ble  2 . 5  Threshold  va lues ind icat ing potent ia l  for groundwater contamination by . 'd pest l c l  es  
Ch e m ical  o r  physical prope rty Th reshold val u e  
So lub i l ity ( S )  > 30  ppm 
Henry's  Constant (KH) < 1 0-- atm (mo llm�r' 
Organic  carbon based coeffic ient ( Kac) <500 
F ie ld  d i ss ipat ion ha lf- l i fe (t 1 /2 )  > 3 weeks 
F igure 2 . 1 ,  adopted from Kaakeh et al .  ( in press), shows some of the 
propert ies  of  the pest i c ides used in the UAE as compared to the threshold va l ues in  
Table  2 . 5 .  The figure shows that three pest i c ides used i n  the U A E  have the potent ia l  
to leach to groundwater due to the ir  so lub i l ity, wh ich  exceeds the threshold va lue .  
F ive pest ic ides have the potent ia l  to leach due to their  low vapor pressure ( low KH  
va lue) .  Four pest ic ides w i l l  poss ib ly leach to  groundwater due to  the ir weak 
i nteract ion wi th  the so i l .  F i na l ly, e ight of the pest ic ides used in  U A E  w i l l  probably 
leach due to the i r  re lat i ve ly h igh fie ld  d iss ipat ion ha l f- l i fe .  
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Fig. 2 .1 Propert ies  of pest ic ides used in  the UAE in comparison w i th the threshold 
values ( l ines and arrows) i nd icat ing potent ia l  for groundwater contam inat ion .  EP= 
Ethy l p i r im iphos, PH=Phentoate, CY=Cypermethrin,  ES= Endosu lfan, DM= 
Dimethoate, C P= Ch lorpyr i fos, CH=Cyha loth rin, CM= Cymoxan i l ,  MC= Mancozeb, 
MT= Meta laxy l ,  TP= Th iophanate-methy l .  
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2.5 T R A N  P O R T  M EC H A N I S M S  
Fate o f  pest i c ides i s  contro l led by numerous s imu l taneous b io logica l ,  physica l ,  
and chem ica l  reac t ions .  F igure 2 .2 shows the d i fferent poss ib le  mechan isms that 
affect the t ransport of  pest ic ides in  the subsurface env i ronment .  Comprehending the 
fate of pe t i c ides requ i re an understand ing of  both transfer  and transform processes. A 
transfer process refe rs to the way i n  which a pest ic ide i s  d istri buted wi th in  a phase or 
bet\\ een d i fferent phases ( so l ids and l i q u ids) .  Both advection and d i spers ion are 
transfer  p rocesses that occur  w i th in  the l iqu id  phase, wh i l e  sorpt ion and vo lat i l ization 
are transfer  processes that affect the d i str ibut ion of  the chemica l  between d i fferent 
phases .  Transformation mechan isms change the structure of a pest ic ide  or comp letel 
degrade i t .  Transformation could be e i ther due to c hem ica l  processes 
( photodegradat ion or hydro lys is) or  due to b io logical  degradation (Coats, 1 99 1 ) . 
1echanisms affecting 
fate of pesticides 
Advection 
Dispersion 
Chemical 
interaction 
Volatilization 
Photolysis 
Hydrolysis 
Oxidation 
Biodegradation 
Fig. 2.2 Mechan isms affect ing pest ic ides transport in  the subsurface fnvironment .  
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2.5 .1  Advect ion a n d  Dispcr  ion 
Ad ect ion refe rs to the movement of d isso l ved or very fi ne part icu late 
mater ia l  as they are carried by moving v,'ater wi th in  the pores .  Di spers ion is one of 
the important mechani  m that effect the spreading of pest ic ide in  the subsurface 
env i ronment ( chnoor, 1 99 1 ) . On a m ic roscopic -sca le ,  nvo processes cause 
hydrodynam ic  d ispers ion :  mechanica l  m ix ing due to flu id  advect ion and molecu lar  
d i ffus ion dr i  en by concentrat ion grad ient. On a macroscopic-sca le ,  d i spers ion i s  
ma in ly  affected by the  presence of large-sca le  heterogene i t ies wi th in  the  med ium that 
c reate \ ariat ions in flow ve loc i t ies and flow paths (Bedient et a I . ,  1 999).  
The equat ion descr ib ing the tran port of so l utes under the effects of advect ion and 
di persion i n  a one-d imensional  flow fie ld  is written as: 
(2 . 1 ) 
Where, C i s  the concentration, t i s  the travel t ime, x is the d istance, v i s  the pore-water 
ve loc ity, and D i s  the hydrodynam ic d i spersion coeffic ient .  The average pore-water 
ve loc ity i s  given as :  
v = Q I (}A (2 .2)  
Where, Q i s  the flow rate, () i s  the vol umetric water content, and A i s  the c ross-
sect iona l area. The hydrodynamic d isper ion coeffic ient i s  typica l ly g iven as a sum of 
the mechan ica l  d ispers ion  and molecu lar  d i ffusion terms :  
(2 .3a)  
Where, De
' i s  the effect ive d i ffus ion coeffic ient in  the so i l  matr ix  and a I S  the 
d ispers i vity of the so i l .  The effect ive d i ffusion coeffic ient i n  so i l  i s  re lated to the 
d i ffus ion coeffi c ient i n  water C Od) mul t i p l ied by a coeffic ient (CD) that  is  re lated to the 
trotuosity of the medium ( Fetter, 1 999) :  
(2 . 3b) 
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2.5.2 orpt ion  
orpl ion i s  defined as the assoc iation of  a d i sso lved or gaseous contaminant 
\\ ith a so l id material ( Bed ient et a l .  1 999). Sorpt ion is a surface phenomenon that 
may be e i ther absorpt ion or adsorption, or a combination of the two. Ad orpt ion i s  the 
a oc iat ion of  a contam inant on the surface of a so l i d  part ic le, whereas absorpt ion is 
the assoc iat ion \\  ith i n  a so l id part ic le .  The term sorpt ion i s  used when the spec i fi c  
mechan ism i s  not kno\\ n (Web s i te 2 .2 )  
orpt ion of pest ic ides i s  contro l led by  the  amount of  total organic  carbon as  
we l l  as the  qua l ity of  the  organic  matter (webs i te 2 .3 ) .  For so i l s  that have h igh organ ic  
matter  leve l s  (>5%), the  mob i l ity of the  pest ic ides has  been re lated to  the  total organ ic  
matter content, w i th the nature of the  organ ic  matter having a l itt le  apparent i nfluence 
on orpt ion processes (Jenks et a I . ,  1 998;  Bekbolet et aI . ,  1 999) .  For soi l s  with low 
organic  matter contents, the mob i l i ty of the pest ic ide i s  often re lated to the act ive 
components of  the inorganic  fract ion, wh ich  is predom inant ly the c lay-sized fract ion .  
An increase i n  the c lay content resu lts i n  decreas ing mob i l ity of the pest ic ide w ith the 
composit ion of  the c lay and the ident i ty of  the major cat ions in  the so i l  so l ut ion a l so 
be ing important (We lhouse and B leam, 1 992;  Baskaran et a I . ,  1 996). Other factors 
that may i nfl uence the i r  soprt ion to so i l  inc l ude chemica l  propert ies so i l  texture and 
pH (Gennari and Gessa, 1 999). 
Sorpt ion of  pest ic ides to so i l s  has been stud ied extensively by batch methods 
( Mers ie  and Foy, 1 98 5 ;  Hermos in  and Cornejo, 1 987 ;  Reddy and Grambe l l ,  J 987;  
Sanchez-Camazano and Sanchez-Mart i n, 1 988 ;  Kanazawa, 1 989; Santos-Bue lga et 
a I . ,  1 992) .  Sorpt ion i s  determ i ned experimental ly by measur ing how much of a sol ute 
can be sorbed by a part icu lar  sed iment, so i l , or rock  type . The resul ts of the 
experiment are p lotted on a graph ca l led an i sotherm that shows the so l ute 
concentrat ion versus the amount sorbed onto the so l id .  Travis  and Etnier ( 1 98 1 )  gave 
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a comprehensive review of  sorption isotherms and k inet ic mode l s .  I f there i s  a d i rect, 
l i near re lat ionsh ip  bet\\ een the amount of a sol ute sorbed onto the so l id  ( e) and the 
concentration of the sol ute in  the aqueous phase (Ce), a l i near sorption isotherm 
re u l ts :  
Where, Kd i the l i near sorption d i stri bution coeffic ient .  
(2 .4)  
There is ,  ho\\ ever, an increasing awareness that  non l inear sorpt ion can p lay an 
important ro l e  i n  contam i nant transport (Ba l l  and Roberts, 1 99 1 ;  Jaeke l  et a I . ,  1 996; 
Abu laban et a 1 .  1 998 ;  A bu laban and N ieber, 2000; Serrano, 2003). Evidence of 
non l i near sorpt ion of contam inants to so i l  and aqu i fer material has been documented 
both on a laboratory-sca l e  (Appert-Col l in et a I . ,  1 999; Ch ia  et a l . ,  200 1 )  as we l l  as in 
the fie ld  ( Hutzler et a I . ,  1 986;  Roberts et a I . , 1 986; Brusseau and Srivastava, 1 997) .  I n  
many cases, i t  has been found that the Freund l ich-type model better descri bes the 
sorpt ion i sotherm . The Freund l ich model i s  \Hitten as: 
Se = KC; (2 . 5 )  
W here, K and  n are constants. Values for the  Freund l ich  exponent (n)  cou ld  be  as low 
as 0 . 5 .  on l inear sorpt ion may a lso b e  descr ibed by the Langmuir  model .  This  mode l  
was developed w ith the  concept that a so l id surface possesses a fin ite number of 
sorpt ion s i tes.  The Langmui r  model is  expressed as :  
Ce 1 Ce - = - + -
ab b 
(2 .6) 
Where, a I S  an  adsorpt ion constant re lated to the b ind ing energy and b IS the 
max imum amount of o l ute that can be absorbed by the so l id .  
The i m pact of sorpt ion is t o  red uce the average veloc ity of the contam inant 
re lat ive to that of  water. For a sorb ing o lute, Eq.  (2 . 1 )  i s  written as :  
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a e  
)I --
a x  
Where, R i s  the retardation fac tor given for the case o f  l i near sorption as :  
R = 1 + pK d 
() 
(2 .7 )  
(2 .8 )  
Where p i the  bu lk  dens i ty of the  soi l .  Whereas, for the case of a Freund l ich sorpt ion, 
R i s  expre sed as: 
pn KC - ' 
R = 1 + -'-- ­
e (2 .9)  
Proper determ i nat ion of  R can have a s ign ificant impact on managing and 
prevent ing groundwater contami nation.  In  the laboratory, retardation coeffic ients are 
deternl ined by e i ther batch or packed co lumn experiments.  Kool et a l .  ( 1 989) and 
Jack on et a l .  ( 1 984)  d iscussed the advantage and d isadvantage of  the two techn iques .  
Maraqa and co-workers ( Maraqa et a l .  1 998 :  A ltfe lder et a l .  200 1 ;  Maraqa,  200 1 )  
reported d iscrepancy between batch and co lumn determ ined retardation coeffic ients.  
2.5.3 Pest ic ides Degradat ion 
Once i ntroduced in to the environment ,  pest ic ides may be degraded c hem ica l ly 
or b io logica l ly .  Chemica l  (abiot i c )  degradation of pest ic ides wi th in  the so i l  inc l udes 
a l l  react ions not med iated by so i l  m ic roorganisms, fauna, or flora ( B u rns ide,  1 986) .  
Such react ions may inc l ude hydro lys is  and photo lys is .  The 1 -0 advect ion-dispers ion 
equat ion that  inc l udes retardation and a degradation term i s  written as :  
a e  a 2 e a e  R -- = D (  ) - v - - ). C  
a t  a x 2 a x  
(2 . 1 0a) 
Where /, i s  the com b i ned first-order degradat ion rate constant that accounts for 
degradat ion of so l ute i n  both l iq u id and so l id phases and i s  defi ned as :  
( 2 . I Ob) 
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where, 1..1 i s  the hydro lys i s  rate constant in the l iqu id phase and 1"$ is the hydro lysis rate 
constant in the so l id phase. 
2 . 5.3 . 1 H y d rolysis 
I t  i s  a common chem ica l  react ion by which a pest ic ide reacts w ith a water 
mo lec u le .  For many pest ic ides molecu les, hydro lys is  reaction is a primary route of 
degradat ion.  Due to catalysis of the hydro lysis reaction by sorpt ion, i t  occurres more 
rap id ly in  so i l  than in  comparable so i l -free aqueous systems (Armstrong and Konrad, 
1 986;  Coats, 1 99 I )  
C l eavage by hydro lys is  i s  pH sensi t ive .  I n  many pest i c ides, as the pH 
increases, the rate of  chemica l  hydro lys is  in the so i l  increases ( A ly and E l -Dib,  1 97 1 ;  
Lamoreaux and Newland, 1 978 ;  Jackson et .  a I . ,  1 990) .  A I -Mughrab i  et a l .  ( 1 992) 
stud ied the effec t  of pH  of  water on the stab i l ity of cypermethrin ( insect ic ide) us ing 
four pHs (canal  water pH8 .38 ,  d ist i l led water pH6 .2, phosphoric ac id-treated cana l 
water pH6, and propion ic  ac id-t reated canal  water pH 6) .  The resu lts showed that, the 
h ighest percentage of hydro lysis of cypemlethrin after 24hr treatment was found in 
canal water and in d ist i l led water but at a s l ight ly s lower rate than in  the canal  water. 
L i u  et a I . ,  (200 1 )  reported that pH a lone cannot be used as a s ingle parameter to 
extrapolate hydro lys is  rate constants obtained in the laboratory onto est imated rates 
under fie l d  condi t ions .  
2 .5.3 .2  P hotodegra d a t io n  
Photodegradat ion (photolysis) i nvolves the breakdown of  pest ic ides by d i rect 
or  i nd i rect energy from sun l ight .  Crosby. 1 969 and Smi th et al .  ( 1 978)  measured the 
photodegradation rate and showed in  laboratory studies that sun l ight has the ab i l i ty to 
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detox i Cy certain pest i c ides .  I rowever, the pract ica l  s ignificance of th is  method of 
d is i pat ion under fie l d  cond it ion has been questioned ( Burnside, 1 986) .  
2 .5.3.3 B iological  Degradat ion 
In  the env i ronment,  i t  i we l l  estab l i shed that m icroorganisms are the major or 
frequent l) the on ly means of degradation/detoxification of severa l pest ic ides.  A l so, 
th is  mechan ism has a great advantage due to its ab i l ity to completely degrade a vv ide 
variety of  pest ic ides, even under m i ld cond it ion compared w ith degradation through 
phys ica l  and chem ica l  means ( Kumar et a I . ,  1 996) 
Pest ic ides appl ied to so i l  may u lt imate ly be degraded by m icroorganisms .  
1any stud ies ind icated that  m i c roorganisms have a great ro le  for the degradation and 
enhanc i ng the degradation of pest ic ides in  so i l  (Cain and M itche l l , 1 996, Struthers et 
a i , 1 998 ,  Ho le  et . a I . ,  200 1 ,  Bhadbhade, 2002). However, before these processes are 
complete, the pest i c ide and its metabo l ites may be leached into the groundwater 
(website 2 .4 ) .  I n  groundwater system,  ind igenous bacteria are genera l ly the organ isms 
that  cany out th i s  process ( Bed ient et a ! . .  1 999). Torstensson ( 1 987)  ind icated that the 
degradat ion of pest i c i des in  so i l  i s  main ly due to b io logical  transformations and is 
thus contro l led by the ava i lab i l ity of t he organic  chemica l  and by the act iv i ty of  the 
so i l  m ic roflora. 
2 .5 .4  c b e m a t i c  R e p resen tat ion of T ra nsport M ec b a n isms 
The impact of  some of the above ment ioned mechan i m s  on the transport of a 
d issolved chemica l  are presented in F ig .  (2 .3 ) .  Advection is the mechan ism by which 
chem ica ls  are transported by the  bu lk  motion of the  flowing phase. As i l l ustrated in 
F ig .  ( 2 . 3a), a nonreactive chemical  present in the water phase moves at average 
ve loc ity equa ls  to the average pore-water ve loc ity . Due to hyd rodynam ic d ispersion, 
22 
however, part of  the chemica l  p lume m igrates in  a period of t ime that i s  shorter than 
the time ca lcu lated based on average now ve loc ity, part of the p lume moves in  a 
longer period of  t ime as shown in Fig .  (2 .3b) .  
The effec t  of sorpt ion is demonstrated In  F ig .  (2 .3c) .  Sorpt ion reduces the 
average ve loc i ty of the sorbates w ith respect to that of the water molecules .  Sorpt ion 
ma) a l so have an  effect on many natura l  transformation processes. M icroorganisms, 
for example ,  are unable, or less able,  to ass im i late and transform sorbed mo lecu les 
compared to those i n  so i l  solut ion (Orgam et a I . ,  1 985 ) .  Moreover, chemica l  react ions 
rna) a l so be a ffected by sorpt ion (Macalady and Wolfe ,  1 985 ) .  The effect of 
degradat ion i s  to red uce the area under the curve as some mass of the induced 
chemica l  w i l l  be degraded (F ig. 2 . 3d ) .  
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Fig. 2.3 l mpact of transfer and transfonn processes on movement of a d i  solved 
chem ica l  in satu rated so i l  co lumn .  
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2.5 .5  oncq u i l i b ri u m  So rpt ion  
oneq u i l ibr ium dur ing tran port of sol utes i n  groundwater occurs when the 
react ion t ime is re lat ive ly longer than the hydrau l ic res idence t ime .  Presence of 
noneq u i l ibr ium causes  a s ign i ficant impact on the mobi l i ty of contam i nants 1n 
ground\\ ater, reflected in the spread ing of the contam inant p lume.  Th is  has been 
demonstrated by severa l  l aboratory invest igat ions ( Hutzler et aL, 1 986; Bouchard et 
a L .  1 98 8 :  Lee et aL ,  1 988 ;  B russeau et aL, 1 99 1  a;  Brusseau, 1 992; Ptacek and 
G i l l ham , 1 992)  and field stud ies  (Gol tz and Roberts, 1 986 '  1 988 ;  Bahr, 1 989; 
Bo\\ m an.  1 989, Harmon et aL, 1 992;  Pang and C lose, 1 999) . 
onequ i l i b r ium dur ing transport of so l utes in porous media has been 
categorized a e i ther transport-re lated or sorpt ion-re lated .  Transport noneq u i l i br ium 
(a lso ca l led phys ica l  noneq u i l ibr ium) i s  caused by s lo\\ d i ffus ion between mob i l e  and 
immob i l e  \\ ater reg ions .  These regions are commonly observed in aggregated so i l s  
( an Genuchten and W ierenga, 1 976; Nkedi-Kizza et a I . ,  1 983) ,  or under  unsaturated 
flo\\ cond i t ions  (De  Smedt and W ierenga, 1 979; 1 984 ' De Smedt  et a l . ,  1 986; Bond 
and W ierenga, 1 990), or in l ayered or otherw i se heterogeneous groundwater systems.  
Sorpt ion -re l ated noneq u i l i br ium resu lts from e ither s low chemica l  interact ion (van 
Genuchten et a I . ,  1 974)  or s low i ntrasorbent d i ffus ion ( B a l l  and Roberts, 1 99 1 ) . I n  
most o f  these mode ls, the so i l  matrix i s  conceptua l ly d iv ided i nto two types o f  s ites; 
sorpt ion i s  assumed to be instantaneous for one type and rate - l im ited for the other 
t) pe.  
o l ute transfer between mobi le/ immob i l e  water regions or i nstantaneous/rate­
l im i ted orpt ion s i tes i s  commonly described by a fi rst-order rate expres ion .  The 
d imension less equat ions of the fi rst-order, two-s ite noneq u i l i br ium mode l  for the c a se 
of l i near sorpt ion are g i ven as :  
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cf or D 0)( 2  OX 
is * ( 1  - fJ)R -- = w(C * - * ) cr 
Where,  
x = x / L  
T = \l / L  
C* = C I C  o 
R = I + pK d 
e 
fJ = 
e + FpK d 
e + pKd 
k L  
w = - ( 1 - fJ)R 
v 
(2 . 1 1 ) 
(2 . 1 2) 
(2 . 1 3a) 
(2 . 1 3b )  
(2 . l 3c)  
(2 . 1 3d)  
(2 . l 3e)  
(2 . 1 3  f) 
(2 . 1 3g) 
Where C i s  the aqueous sol ute concentrat ion, Co is  the solute concentrati on in the 
infl uent so lut ion, x i s  d i stance, L is the co lumn length, t is t ime,  v i s  the average pore-
water ve loc i ty ,  D is the hydrodynam ic  d i spers ion coeffic ient, S2 is the average sorbed 
concentration in the rate - l im i ted domain,  R is  the retardation coeffic ient, KD is  the 
l i near sorpt ion d istr ibut ion coeffic ient, p is the so i l  bu lk  dens i ty, e is the moisture 
content, F is the fract ion of orbent for which sorption i s  instantaneous, and k is the 
fi rst-order mass-transfer  coeffic ient .  � and CD are the d imension less paramete rs that 
spec i fy the degree of nonequ i l ibr ium in  the system .  
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CHAPTER 3 
MA TERIALS AND M ETH O D S  
3 . 1  M A TE R I A LS 
3 . 1 . 1  Soi l 
Two o i l  amples  were co l l ected from A I  Foah and A b u  Samra areas in  A I  A in 
d i  tr ict ,  A bu Dhabi  Em irate. So i l  samples were a i r  dried and d i sagraded to pass the 
0 . 85 -mm s ieve .  o i l  samp les were characterized for gra in-s ize d istr ibution, p H ,  and 
o rganic  matter (OM) as shown in  Table 3 . 1 .  The pH of the so i l  samples was 
determ i ned us i ng a 1 :  1 and a 1 :2 . 5  soi l/water rat io ( Eckert, 1 988 )  and the organic 
matter \\- as detenn i ned by the wet d igest ion techn ique (Schu l te ,  1 988) .  Both samp les 
are c lassi fied as sandy so i l  w ith more than 97% sand. The two so i l  samples  vary in 
their o rgan ic  m atter content (OM )  from - 0.2 to -0 . 8%. 
Table  3 . 1 : Character ist ics of so i l  samples 
Soil s a m p l e  Sa n d  % pH O rg a n i c  m atte r 
s/w s/w (O M % ) 
1 : 1  2.5: I 
I A l  Foah >97 . 5  8 .03 8 . 34  0 . 835  
Abu Samra >99. 8  8 . 59 9 .24 0 .207 
So i l  character izat ion vvas conducted at the De p artment of Agricu ltura l  Land 
laboratory at the Co l l ege of Food Systems, UAE Un iversity .  Note:  S/W i s  soi l!  water 
rat io by \ e i ght .  
3 . 1 . 2  Pest ic ides  
Three pest ic ides were se lected (d imethoate, metalaxyl,  and cymoxan i l ) .  These 
pest i c i des are commonl .  used in A I-Ain  for agr icu ltural purposes. The three 
pest ic ides were selected based on the i r  re lat ively h igh so l u b i l ity va l ue and they are 
ava i lab le  in  d i fferent commerc ia l  forms. The commerc ia l  pest ic ides used that conta in 
the act ive ingredient  are D imec lor that conta in  d imethoate, Rem i l t ine conta ins 
cymoxan i l ,  and R idom i l  conta ins meta laxyl (Table 3 . 2 ) .  
27  
T a b l e  3 . 2 :  Propert ie of se lected pest ic ides 
N a m e  M .w t .  C h e m ic a l  Sol u bi l i tyl Koc 1- H a l f  I i fel Com m e rc i a l  
(g/mol)  fo r m u l a  (gil ) (d)  Prod uct  
Dimethoate 229.2 C5H I 2NO)PS2 25 9-34 7- 1 2  D imec lor 
Cyrnoxan i l  1 98 . 2  C7 l  [ l oN403 I 39-23 8  <7 Rem i lt i ne 
Metalaxyl 279 .3  C I 5 I-I 2 I N04 7 . 1  3 0-284 70 R idom i l  . .  1 Pe tlclde Manual. 
2 Koc is the organic carbon d istribution coeflicient ( reference: WW\\ .arsusda.gov). 
Kaakeh el a l .  ( i n  press) eva l uated the potent ia l  for pest ic ides used in the U A E  
t o  l each t o  groundwater. The authors found that among severa l pest ic ides used i n  
U A E, metalaxyl i s  the s i ng le  pest i c ide that exceeds a l l  threshold val ues indicat ing a 
h igh potent ia l  to leach to groundwater. A l though cymoxan i l  has three propert ies 
(so l ub i l i ty ,  vapor pressure ,  and soi l  interact ion) that favor leach ing to groundwater, its 
field d iss i pat ion i s  l ow ind icat ing a fast degradation rate that may not a l low 
substant ia l  amount of th i s  chemica l  to reach groundwater. Th i s  same argument app l ies 
\\ e l l  for d imethoate . Hence, the three compounds have been chosen to assess their  
mob i l ity through soi l  samples representative of the U A E  subsurface env i ronment.  
3.2 M E T H O D S  
The i nteract ion of pest i c ides w ith so i l  inc l ud ing sorpt ion;  chem ica l  
degradation (hydro lys i s  and photodegradation) and b io logical degradation was tested 
us ing two types of exper iments :  batch and co lumn experiments.  Brouwer ( 1 994) 
ind icates that mob i l i ty stud ies m ust inc lude both batch equ i l ibration and co lumn 
leach ing exper iments to assess the  ground\\ater pol lut ion potent ia l of a given 
compound . The impact of advection and d i spersion on the transport of  these 
pest i c ides was te ted us ing a co lumn experiment and employing brom ide as an ideal 
tracer .  
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3 .2. 1 A nalyt ica l Tec h n iq ue 
The three se lec ted pest ic ides were ana lyzed u ing the h igh-performance l iqu id 
chromatograph ( H P LC)  located at the Centra l  Laboratory U n its on the U A E  
U n i  ers i ty campus .  The i nstrument h a  a co lumn w ith a C 1 8  pac k i ng material that has 
a gra i n-s ize of 220nm.  The nO\� rate employed was 1 . 5 m l/m in  and the mob i le phase 
\\ a 3 50/0 aceton itr i le  and 65% water. A stock so l ut ion of pest i c ides (O .O l g  of each 
pest i c ide used) was prepared in 1 00ml  sod ium acetate buffer sol ut ion (pH 5 . 5 )  
re u lt ing  in  a concentration of 1 00 ppm of each pest ic ide .  F ive standard so lut ions (0 .5 ,  
1 , 5 , 2 5 , 50  and 1 00 ppm) were prepared and ut i l ized for H PLC ca l ibrat ion. A buffer 
acetate samp le  w i th  no pest ic ide \ as u t i l ized as b lank .  F igure 3 . 1  shows a 
chro matogram of the three pest ic ides under the analyt ical  cond i t ions stated above . 
B romide wa used as an ideal  t racer in  the co lumn experiment to study the d i spers ive 
behavior of  the soi l .  B romide  was ana lyzed us ing ion chromatography (D ionex IC)  at 
Dubai  M un ic ipa l i ty .  
Aa(o-Snu r d  OtroDU(Oc.nua 
D=Dlmelhoale 
C=C)moxand 
M=Melalaxyl 
� 
N 
" ,  
1 .'00 I �OloC;\ il"'::.o 24 00 �oo 
Fig.  3 . 1 Examp le  c hromatogram for the three pest ic ides.  
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3.2 .2  Dete r m in a t ion  of Biocide Conce n t rat ion 
B ioc id \ a emp loyed to inh ib i t  b iodegradation 0 that the impact of th is  
proce wou ld  be i o lated . Th is  was necessary to a l lo\\ invest igat ion of the ro le of 
other mechan isms l i ke hydro ly i s  and sorpt ion .  
od i u m  azide (NaN3)  was se lected as an inh i b i tor .  The b iocide concentrat ion 
needed to i nh i b it b iodegradation was determ ined by conduct ing an exper iment over a 
range of  b ioc ide  concentrat ion and moni tor the growth on the p lates . One of the 
m icroorgan i  ms iso lated from the so i l  was streak- incu lated a long of five nutrient agar 
p late . The fi rst p late conta i n ing no azide, but the others conta i ned (0 .0 I ,  0 .03,  0 .05 ,  
and 0 . 1 % od ium azide) .  The p lates \ ere  then incubated at  3 7 °C for 24 hrs (F ig .3 .2 ) .  
Fig .  3 . 2  G rowth behavior of bacteria on nutrient agar p lates w ith d i fferent 
concentrat ion of sod ium azide.  (a) No azide (b)  0 .0 1 % (c)  0.03% (d) 0.05% (e) 0. 1 %.  
As  a resu lt, the  p lates w i th  azide concentrat ion less than 0 .05% showed some 
growth .  Thus, a concentrat ion of 0.05% was selec ted to inh ib i t  the b iodegradation of 
the used pest i c ides in  some of the experiments.  
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3 .2.3 Batch E x p e r i m e n t  
Batch experiments were ut i l ized to invest igate the ro le  of several t ransport 
mechanisms inc lud ing photodegradation, hydro lys is, sorption and b iodegradat ion . [ n  
a l l  these experiments, 20-ml g lass v ia ls  w ith Teflon- l i ned caps were ut i l ized .  The 
pe t i c ide  so l ut ion ,  in these experiments, was prepared from commerc ia l  pest ic ides 
(0 . 8  m l  D imec lor  + 2 . 5  g R idomi l  + 1 . 0 g Remi l t ine) using I -L de ion ized water 
conta i n ing O .OS M CaC I " .  Such so l ution resu lts i n  d imethoate, cymoxan i l , and 
meta lyxel  concentration of about 1 1 4 ,  1 5 , 1 20 ppm respect ive ly .  The solution a l so 
contained 0 .05% sod ium azide in  a l l  the experiments except that re lated to the 
i nvest igat ion of the ro le  of biodegradat ion .  Deta i led description of the batch 
exper iments i s  p resented below. 
3 . 2.3 . 1 H y d rolysis  
For th is  test ,  twe lve dry, fixed glass v ia ls  were prepared . The fi rst s ix  v ia l s  
\vere fi l led wi th  1 5m l  of  pest ic ide solut ion prepared us ing or water (pH 7 .2 ) .  The 
other s ix  v ia l s  were fi l l ed by a sol ution of pest i c ides d i sso lved in  sod ium acetate 
buffer (pH 5 . 5 )  (Table 3 .3 ) .  This was conducted to invest igate the impact of  pH on the 
hydrol) sis rate of the se lected pest i c ides.  Each v ia l  from the two sets was samp led at a 
d ifferent t ime ( 1  h r, 6 hrs, 1 2  hrs, 24 hrs, 3 days, and 7 days) and analyzed by the 
H PLC.  
Later  exper iment was done using two flasks contai n ing phosphate buffer, one 
\\ i th pH 8 and the other with p H  9 (Table  3 . 3 ) .  The samples were taken at d i fferent 
t ime from each flask ( J  hr, 6 hrs, 1 9  hrs, 23 h rs, 47 h rs and 7 1  h rs) and analyzed by the 
H PLC . 
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Table 3 .3 Buffer Preparat Ion 
B u ffe r Method 
p H  
Add 40 g of sod ium acetate powder to  s a o  m l  deion ized water. 
S . S  M ixed \ e l l .  
Take S O  m l  o f  the previous so lut ion and m i x  w ith I Sm l  H e l  ( I  ) .  
A dj ust the  vo lume to 2S0ml  w ith deionized water. 
Prepare 0 .2 S M  od ium phosphate, d i bas ic  so l ution ( in i t ia l  pH approx .  
8 9 .2S ) .  
Adj ust pH to 8 \\ i th s lO\ addit ion of 0 .2S M potass ium phosphate, 
monobasic in water. 
Prepare 0 .2SM sod ium phosphate, d ibasic solut ion ( in i t ia l  pH approx. 
9 9 . 2 S ) .  A dj ust pH  to  9 with s low add it ion of  0 .2SM potass ium phosphate. 
monobasic in water. 
3 .2 .3 .2  Photodegradat ion  
Twe l ve d ry, fixed glass v ia l s  were prepared . S ix  of them were covered and 
fi l led w ith 1 0m l  of  the pest i c ides solut ion, and the others were uncovered and fi l led 
wi th  1 0m l  of  the same solut ion .  Samples had been taken at d i fferent t imes from each 
v ia l  ( I  h r, 6 hrs ,  1 2  hrs,  24  hrs, 3 days, and 7 days) and were ana lyzed by the  H PLC.  
3.2 .3 .3 Sorpt ion rate 
For sorpt ion rate, 1 3  covered glass vials were prepared .  One of them 
represents the contro l  ( l Om l  of pest ic ides solut ion only) .  S ix of the vials \\ ere fi l led 
wi th  I Sg of  A l  Foah so i l  amended with 1 0m i  of the pest i c ides solut ion .  The other s ix  
v ia l s  w ere fi l led w ith  2 S g  of  Abu Samra so i l  and  1 0m i  of the  pest ic ides solut ion .  A l l  
the i a l s  were capped w i th Teflon screw caps. A fter being fi l led w i th the solut ion, the 
v ia l s  \\ ere rotated end-over-end at 20 rpm .  Each v ia l  was sampled at a spec ific t ime ( I  
hr, 6 hrs, 1 2  hrs, 24 h rs, 3 days, and 7 days) .  The samples were analyzed using the 
H PLC . 
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3.2.3 .4  orpt ion isot herm 
Ten ,  dry ,  covered fixed g la  s ia ls  were prepared . F ive of the v ia ls  were fi l led 
\\ ith 1 4g of AI Foah so i l .  These v ia ls  were fi l led w ith a pest ic ides so lut ion of various 
concentrat ions.  The same wa done for Abu Samra so i l  but us ing 25g  so i l .  The v ia l s  
\\ e re capped \\ i th Teflon screw caps and were then m ixed end-over-end unt i  1 
equ i l i br ium \v as rcached.  A fter m ix ing, a l l  v ia ls  were centrifuged for 30m in .  at 3000 
rpm .  The aqueous phase was fi ltered and ana lyzed for the target pest ic ides us ing the 
H PLC.  The so l id phase concentration was determ ined by d i fference after account ing 
for the e ffec t  of  hydro lys is .  
Table 3 . 4  Some cond it ions of the isotherm experiments. 
Soi l  Soi l  m ass SfW rat io Approx im ate i n i t i a l  conce n t rat ion 
(g) Jppm) 
A l  Foah 1 4  1 :  I 0 . 5 -200 
Abu Samra 2 5  2 : 1 0 . 5 -200 
3.2.3.5 Biodegradat ion 
In  th i s  test, a solut ion conta in ing the three pest ic ides wi th 0 .05 M CaCh was 
prepared \\ ithout add ing sod ium azide .  The solut ion was prepared us ing so i l  extract 
that conta i n  some of the m icrobes origina l ly present on soi l .  For both so i ls, so i l  
extract was prepared b y  add ing 1 00g o f  the so i l  to I L de io in ized water. Pest ic ides 
were added to soi l  extract afterward . 
Twe lve d ry, covered fixed glass v ia ls  were prepared .  S ix  of them were fi l led 
\\ ith 1 0m l  of A l  Foah extract, and the others wi th 1 0m l  of Abu Samra extract .  
amp les were taken at d i ffe rent t imes ( 1  hr,  6 hrs, 1 2  hrs, 24 hrs ,  3 days, and 7 days) 
and ana lyzed for pest ic ide level us ing the H PLC . 
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3 . 2 . 4  Col u m n  E x pe r i m e n t  
M isc ib l e  d i sp lacement experiment for ideal tracer and target pest ic ides were 
conducted in separate experiments us ing sta in less-stee l  co lumns .  The co lumn length 
is 2 5  cm and the internal d i ameter is 2 .2  c m .  The co lumns were packed with the so i l  
mater ia l  and fl ushed wi th CO2 t o  d isp lace a i r  and ach ieve fu l l  saturat ion upon the 
introd uct ion of the aqueous phase . The columns were then saturated using 0 .05M 
CaC lraz ide so lut ion at  low flow rates (2 m llhr). The character ist ics of the packed 
co lumns are presented in Table 3 . 5 .  Bu l k  dens i ty (p) was dete rm ined gravimetrica l ly  
from the weight of  the packed co lumn (W packed) and that when the co lumn was empty 
(Wemp1, ) as fo l lows :  
\V packed - W em PI) 
P = --- -"--'-VIOla! 
(3 . 1  ) 
where VtOlal i s  the tota l vo lume of  the co lumn .  The poros ity of the co lumn was a l so 
determ i ned gra\ i metrica l ly from the weight of the saturated co lumn (Wsat) and the 
we ight before saturat ion (W packed) as fo l lows 
e 
= 
W .. I - W packed 
Vlolal 
* Pwater 
p"3ter was assumed equa l  I g/m l 
Table  3 5 Character ist ics of  the packed columns 
Soi l  p 
g/cmJ 
A I  Foah B r  1 . 749 
Pest ic ides 1 .400 
A b u  Samra B r  1 .633 
Pest i c ides 1 . 570 
(3 .2 )  
e Q I njected PY 
m llhr  To 
0 .339 6 1 .302 
0 .44 1 5 1 .400 
0 . 3 84 6 0.989 
0 .3 8 1 6 1 .990 
A schemat ic d i agram of the co lumn setup is shown in F ig. 3 . 3 .  A perista lt ic 
pump ( 1asterF lex)  was used to inject the so lut ion into the co lumns .  Effluent samples 
were co l lected using a fract ion co l lector (Spectra/Chrom CF I ) .  A l l  connect ing tubes 
are made of Teflon  but those used \\ i th the pump are made of Tygon .  
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[ n  the ideal  tracer experiment, a brom ide solut ion with known concentrat ion 
(Tab le 3 .6)  was i njec ted into the so i l  packed columns w ith a pu lse input of 6 hrs at a 
floli rate of  6 m llhr. The co lumns were then d i sp laced by a CaC lrazide solut ion free 
of  Br. E fn ucnt sample \\ ere ana lyzed for brom ide using ion chromatography ( lC)  
\A" i th a A - 1 7  co lumn.  The now rate emp loyed was I m l/min and the mob i le  phase 
\\ as 1 00% de- ion ized water. 
Table  3.6 Con entration (mg/I)  of brom ide and pest ic ides injected in the soi l co lumns 
Soi l  Br D imethoate Cy moxani l  Metalaxyl 
Abu Sam ra 1 1 0 96 43 1 24 
A I  Foah 1 02 1 4  3 60 
The input concentrat ion of the three pest ic ides i njected into Abu Samra and A I  
Foah so i l  co lumns  are a l so sho\\ n in  Tab le 3 . 5 .  After inject ion o f  the pest ic ides 
so l ut ion through these co lumns with the condit ions out l i ne in  Table 3 .4 ,  the co lumns 
\'" ere l eached w ith a pest ic ide-free so lut ion .  Effluent samples were co l lected at  
spec i fied t i me interva l s  and were analyzed for the target compounds immed iate ly  
after co l lect ion.  
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1 
Pe ticide soluliol1 
Pump 
Fig.  3.3 :  A schemat ic  d i agram of the co lumn setup. 
3.3 DATA ANALYSIS  
Packed 
Soil 
columl1 
Fractiol1 collector 
B reakthrough curves CBTCs) generated from the co lumn experiments were 
analyzed us ing CXTFIT vers ion 2 . 0  code by Toride et a l .  ( 1 995) .  The model employs 
least-squares analys is in the pred iction of transport parameters from breakthrough 
data. There are' se era l  l i m itat ions accompan ied w ith the CXTFIT code inc lud ing the 
assumpt ion of a l inear sorption behavior, the assumption of a fi rst-order degradation, 
and the assumption of a constant first-order mass transfer coeffic ient .  
D i spersion coeffic ients were determ ined using the generated BTCs of 
brom ide .  The advect ion-d i spersion model  w ith no degradation term (Eq .  2 .9) was 
used to ana lyze bromide BTCs. I n  this case, the pore-water veloc i ty was determ i ned 
using Eq . 2 . 2  and the retardation coeffic ient (R) was set equal to 1 .0 as the sol ute is 
be l ie ed to act as an ideal  tracer (no sorpt ion) .  The d i spersion coeffic ient was thus 
determ i ned from the best fi t  of the breakthrough data .  
Pest i c ides BTCs were analyzed us ing the  advect ion-d ispers ion model with 
degradation us ing e i ther the equ i l ibr ium or the noneq u i l i br ium sorption model (Eq .  
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2 . 1 0  or Eq.  2 . 1 2) .  O i  pers ion coeffic ient (obta ined from the bromide experiment) and 
pore water ve loc i ty ( from Eq .2 .3 )  were used as known parameters. R and A were 
dete rm ined from BTCs using the zero and first moment ana lys is  (using Eq . 3 . 3  and 
3 .4 be low)  as descr ibed by (Pang et a I . ,  2003 ) .  
\ �OA. 1 0  = to exp - ( 1 - 1 +-2- ) 
x 
(3 . 3 )  
Where, Mo is  t he  tempora l  moments from concentration breakthrough curve (area 
under the curve),  to i the i njection t ime, x is the d i stance at which the breakthrough 
data were co l l ected ( i .e .  25 cm)  and A is  the comb ined fi rst-order degradation rate 
constant that accounts for degradation of sol ute in both l iqu id and sol id phases . 
(3 .4 )  
Where a noneq u i l i br ium mode l  is  been used the  parameters � and w were obta ined 
by curve fitt ing as there i s  no independent technique to determ ine these parameters. 
The mass transfe r  coeffic ient (k) and the fraction of i nstantaneous sorption s i tes (F)  
where then determ ined from the best fi t va l ues of � and OJ and Eqs .  (2 . 1 3 f and 2 . 1 3g) .  
The procedure used for as ana lyzing the pest ic ides BTCs is  schemat ica l ly shown in  
F ig .  3 . 4 .  
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Fig.  3.4 Schematic d iagram of the analysis of pest i c ides breakthrough data. 
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CHAPTER 4 
RESULTS AND DISCUSSIONS 
4 . 1 E FFECT OF H Y DRO LYSIS 
1 t .  d ro lys is  (destruct ion of the  original  substance) of the  three pest ic ides was 
invest igated us ing D1 water (pH 7 .2 )  and three buffer solut ions of pHs 5 .5 ,  8 and 9 in  
a batch experiment .  The  data of  the  hydrolysis experiments are presented in  F igure 
4 . 1 and the best fit va l ue of AI and the coeffic ient of determination (r" ) are presented 
in Table 4 . 1 .  
The data , ere ana lyzed us ing a fi rst-order model which takes the form : 
C 
I n - = -A t 
C I o 
(4. 1 ) 
where, Co i s  the in i t ia l  concentration (at t=O) C is the concentrat ion at t ime t and AI is  
the hydrolys is  rate constant in  the l iqu id  phase . [ t  should be noted that the data were 
a lso fi t  to the zero- and the second-order mode ls  but resu lts of the regress ions us ing 
these mode l s  were not better that those obta ined by the first-order mode l .  
Table 4. 1 Resul ts of fitt ing hydrolysis data to the first-order degradation mode l .  
Pest ic ide Sol u tion  pH AI(l Ih r) r1 
D imethoate 5 . 5  0 .00 1 5  0 .87  
7 .2  0 .00 1 5  0 . 87  
8 .0  0 .00 1 8  0.968 
9.0 0. 0047 0 .978 
Cymoxan i l  5 . 5  I x I O-4 0. 1 1  
7 . 2  0.023 0 .99 
8 .0 0.079 0.936 
9.0 0 .8 1 9  NA*  
Meta laxyl 5 . 5  5 x l 0-6 0. 1 1  
7 . 2  0 .00 1 4  0 .75  
8 .0  2x  I 0-5 0 .028 
9 .0  2x  1 0.5 0 .003 
* Regress ion was based on two POints s i nce the concentration at periods longer than 6 
hrs was not detected. 
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4.2 E F FECTS O F  P H OTO D E G RA DATION 
The impact of photodegradation on the three pest ic ides was invest igated using 
i m i lar via ls d iv ided into two sets :  covered and uncovered at constant pH of 7 .2 .  
F ig .4 .2  shO\ s the  change in  the concentrat ion of the three pest ic ides over the 
e>..peri l11ental  t ime for the two sets of via ls .  S ince there is no d i fference in the 
oncentrat ion of a given pest ic ide at a given time when the v ia ls  are covered or 
uncovered (some data points are overlying each other), it can be conc l uded that there 
i no effect of  photodegradation or vaporization over the t ime of the experiment .  
• Dirrethoate-covered o Durethoate-uncovered • Cyrroxan i!-covered 
o Cyrroxan il-uncovered A Metala,y !-co \ ered /'; Metalaxy l-uncovered 
1 40 
1 20 • A 
1 00 • • I ....J - 80 C') 
E 60 <.) J 40 
20 �. 0 � • • 
0 50 1 00 1 50 200 
Time, h r  
F ig . 4 . 2  E ffect of photodegradation o n  the used pest ic ides.  
4 1  
4.3 E FF E  T O F  SORPTION 
4.3. 1 orpt ion Rate 
The resu l ts of the batch sorpt ion rate study for d imethoate, cymoxan i l  and 
meta laxyl on AI Foah and Abu Samra so i l s  are presented in F igures 4.3 and 4 .4,  
re pect ive ly .  AI 0 shown on the figures are the hydrolysis data at the pH of the so i l  
so l ut ion (Tab le  3 . 1 ) . For A l  Foah soi l the /W rat io used in the rate experiment was 
1 . 5 :  I .  The pH of uch so l ut ion would fa l l  between 8 .03 and 8 .34  (table 3 . 1 ) . I n  th is  
case,  the hydro lys is  data obta ined w i th a buffer o lution of pH 8 were employed for 
comparison w ith the data when both sorption and hydro lys is  occurred .  As for Abu 
amra so i l , the S/W rat io used i n  the rate experiment was 2 . 5 :  1 .  The pH of the 
sol ut ion wou l d  be 9 .24 (tab le  3 . 1 ) . I n  th is case, hydrolysis data obta ined with a buffer 
sol ut ion of  pH  9 were used for comparison w i th the data when both sorption and 
hydrolysis occurred wi th Abu Samra soi l .  
The figures show that genera l ly a h igher reduct ion in  the aqueous phase 
concentrat ion occurs when the pest i c ides are m ixed w ith the so i l  as compared to when 
no so i l  was present. Such increased reduct ion in the aqueous concentrat ion could be 
attri buted to sorpt ion of pest ic ides on the so i l  surface . Data for cymoxan i l  at t ime 
periods greater than 24 hrs are lacking due to the h igh hydrolys is rate of th is  
pest ic ides i n  add it ion to its sorpt ion on the soi l .  The comb ined effect caused 
d isappearance of the chemica l  from the so l ut ion.  
F igures 4 .3 and 4 .4  show that i t  is  reasonable to assume that equ i l ibr ium 
sorpt ion for d imethoate and meta laxyl occurs after approximate ly 3 days s ince there i s  
a s l ight change i n  the aqueous-phase concentration of the compounds w ith t ime 
aftenvards .  
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Fig. 4.3 Sorpt ion rate of (a) d imethoate (b) cymoxan i l  and (c)  metalaxy l on AI 
Foah so i l  ( S/W= I :  I ) . Open symbols  represent the hydro lys is  data .  C losed symbo ls  
represent both hydro lysi  and  sorpt ion. 
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4.3.2 Sorpt ion I otherm 
Sorpt ion i sotherm experiments for the three pest ic ides us ing A l  Foah and Abu 
amra so i l s  \\ ere conducted us ing a 3 -day m ixing period . The resu lts of the i sotherm 
experiments are presented in F ig . (4 .5 )  and (4 .6) .  The so l i d-phase concentration (Se) 
wa determ ined us ing a mass balance ", ith considerat ion of the hydro lysis effect :  
c V = C V + !If S + C e -).,1 V () ( .fOlI e 0 (4 .2)  
\\ here Co and Ce are the i n it ia l  and final aqueous-phase concentrat ion, respect ive ly .  Y 
i s  the o lume of sol ution and Mso'l is the mass of so i l  used . 
Cymoxa n i l  \ as not detected in  the aqueous phase after the m ix ing period 
poss i b ly due to loss of th i s  compound by hydro lys is (Table  4 . 1 )  in add i t ion to its 
sorpt ion to the so l i d  phase. Sorpt ion of d imethoate on A l  Foah so i l  ( F ig. 4 . Sa)  appears 
to fo l low a l i near behaviour, wh i le that of metalaxyl on the same so i l  (F ig. 4 .Sb)  is 
better described us ing the Freund l i ch  mode l .  Neverthe l ess, the data for metalaxyl 
were a l so fit  the l i near model as shO\ n on Fig .  4 . Sb .  
Sorpt ion i sotherm data for d imethoate on Abu Samra so i l  ( F ig. 4 .6a) is  h ighly 
scattered d ue poss ib ly to low sorpt ion of the compound on th is  so i l .  A l i near trend, 
a lbe i t  weak, i s  d rawn as shown in  Fig .  4 .6a.  On the contrary, sorption data of 
metalaxyl on  Abu Samra so i l  ( F ig .  4 .6b) suffer l i tt l e  scatter and can be descr ibed 
us ing the l i near model .  
Comparison between the extent of sorpt ion of a certa in  pest ic ide o n  the two 
so i ls revea ls  that A I  Foah so i l  has h igher capac i ty than Abu Samra so i l  to absorb these 
chem ica ls .  Th i s  is consistent w i th the find ings of many researchers who showed that 
as the organ ic  matter content of the soi l i ncreases so does i ts sorpt ion capacity. Based 
on the l inear fit equations ( F igs.  4 . 5  and 4 . 6), it can be seen that sorption of 
d i methoate on AI  Foah so i l  i s  a lmost 1 5  t imes h igher than that on Abu Samra so i l ,  
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whi l e  that of metalaxyl is 36  t imes h igher. These numbers are even h igher than the 
rat io of the organ ic  matter content of the two so i l s  ( i . e .  4 .0). 
Based on the range of va lues of Koc reported in  the l i terature for the three 
compounds (Table  3 .2) ,  values of the l i near sorption d i stribution coeffic ient (Kd) can 
be determ ined as :  
(4 .3 )  
\\ here fom i s  the  fraction of organic  matter on  the  so i l  and  the coeffic ient 0 .59 i s  used 
to convert organic  matter to organic carbon (Fetter, 1 999). Values of Kd determ i ned 
us ing (4 . 3 )  are l i sted in  Tab le  4.2 a long with correspond ing val ues for the compounds 
shown on Fig. 4 . 5  and 4 . 6 .  Apparent ly, va l ues of � found in  th is  study for the 
compounds using Abu Samra so i l  fa l l  wi th in  the range of va l ues pred icted us i ng Eq . 
4 . 3 .  However, va lues found for the pestic ides us ing A I  Foah so i l  are beyond the upper 
range of those pred icted by Eq. 4 . 3 .  
Table 4 2 Pred icted versus determ ined Kd values for the pestic ides.  
Pest ic ide Soil K.t ( Eq .  4.3) K.t ( Figs. 4.5 a nd 
4 .6) 
D i methoate A I  Foah 0.044-0. 1 67 0 .22 
Abu Samra 0 .0 1 1 -0 .042 0 .0 1 5  
Cymoxan i l  A I  Foah 0 . 1 9- 1 . 1 7  NA 
A b u  Samra 0.048-0.29 NA 
Metalaxyl A l  Foah 0 . 1 48- 1 .4 9 . 1 
Abu  Samra 0.03 7-0. 3 5  0 .253 
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4.4  E F FECT O F  BIODEG RADATION 
The effec t  of degradation of the three pest ic ides by ind igenous 
m ic roorganisms extracted from the soils has been invest igated. The resu l ts are 
pre enled in Figs .  4 . 7  and 4 . 8 .  M icroorgan isms present in A I  Foah and Abu Samra 
o i l  extract do not show the ab i l ity to reduce the concentrat ion of any of the three 
pest ic ides w ith in  the t ime frame of the experiment. This ind icates that e i ther a 3 -day 
exper imenta l t ime was not long enough to observe degradation or so i l  
m ic roorganism cannot degrade these pest ic ides. 
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4.5  M J  I B L E  D l  PLAC E M E NT 
4.5. 1 Tran  port  of Bromide 
orma l ized BTCs of Br  on A I  Foah and Abu Samra so i l s  are shown in  F igure 
4 .9 .  D ispers ion coeffic ient were dete rm ined using CXTFIT assum ing that both D and 
R a unknown . Tab le  4 . 3  shows the best fit values of D and R. S imu lations of Br  
u s i ng  t he  best fi t va l ues of D and  R are shown by  the so l id l i nes in  Figure 4 .9 ( a  and 
b). BTCs of Br are adequate ly descr ibed us ing the opt im ized parameters as refl ected 
by the r2 va l ues  in Tab le  4 . 3 .  
I nspection of the val ues o f  R in  Tab le  4 . 3  shows that Br acts a s  a near ideal 
tracer  (R i s  c lose to 1 .0) .  Smal l  deviat ion of R from 1 .0 for bromide could poss ib ly be 
d ue to i nteract ion w ith the so l id matri x  or due to experimenta l uncerta int ies in the 
determ ination of some of the known parameters i nc l ud i ng moisture content and pore-
water ve loc ity. 
Based on an aqueous d i ffus ion coeffic ient va lue of 2.0 I x 1 0-9 m�/sec for 
brom ide ( Fetter, 1 999) and an CD of 0 .7  for co lumns packed w ith un i form sand 
(Pe rk ins  and Johnson, 1 963), the effect ive d i ffus ion coeffic ient (Eq .  2 . 3b) w i l l  be 0 .05 
cm2/hr. Us ing th i s  value and the pred icted va lue for D,  the d ispers iv ity of the media 
can be ca lcu lated us ing Eq .  (2 .3a)  as shown in  Tab le  4 . 3 .  The average d ispers iv ity for 
the two packed so i l s  i s  0 .23 c m .  The low va l ues of d ispers iv ity obta ined are consistent 
with what has been reported in other laboratory co lumn stud ies (Beige l  and P ietro 
1 999) .  
Table 4 3 Summary of  the resu l ts of the brom ide experiments. 
Soil v D (±C I) ,  R (±CI )  rl Dispe rsivi ty 
e m/hr  e m2/h r em 
Al Foah 4 . 645  1 .62 (0. 1 42)  l .07(0. 1 42)  0.9943 0 .338  
Abu  Samra 4 .  1 1 5 0 . 55(0 .07 I )  1 . 1 2(0 .07 1 ) 0 .9985 0. 1 22 
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Fig. 4.9  BTCs of Br  us ing co lumns packed \\ ith (a) A I  Foah and (b) Abu Samra so i l  
samples .  
4.5.2 Qual i tat ive Analysis of Pesticides BTCs 
orm a l ized effluent concentrat ion of the injected pest ic ides through Abu 
Samra so i l  column are shown in  F ig .  4 . 1 0 . Both d imethoate and metalyxal appeared in 
the effluent from the so i l  co lumn w ith in the t ime frame of the experiment ( i . e .  48  hrs), 
but cymoxa n i l  d id not appear in  the effluent during the experimental t ime interva l .  
The fo l lowing two observat ions can be drawn from F ig. 4 . 1 0 :  
S3 
I .  Metalaxyl is being retarded more than d imethoate due to the h igher hydrophobic ity 
of  compound (see a lues of Kot in  Table 3 .2 ) .  
2 .  I nab i l i ty to detect cymoxan i l  in the  effluent from the co lumn i s  probably due to  the 
h igh h) dro lys i  of  this chemica l  i n  add it ion to the effects of  sorpt ion which causes 
de lay of  cymoxan i l . To sec th is, cymoxani l  effluent concentration through Abu Sam ra 
so i l  co lumn was s imu lated under the appl ied flow condit ions ( i .e . ,  v=4 . 1 44 cmlhr, 
0=0 . 5 5 5  c m2/hr, To= I .99). The va l ue of R used is 1 .2 which corresponds to the 
m i n i m u m  va l ue (0 .253  l!kg) of  Kd pred icted (Table 4.2). The degradation rate 
constant in the l iqu id-phase (AI) is 0 . 8 1 9  I /hr (Table 4 . 1 )  and the assumption was 
made that no hydro lysis occurred on the sol id surface .  F igure 4 . 1 1  shows the resu l ts 
of the s i m u lat ion and demonstrates that the effl uent concentrat ion of  cymoxan i l  
cannot b e  detected due to the h igh rate o f  hydro lysis .  
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Fig.  4. 1 0  BTCs of  the used pest ic ides through Abu Samra so i l  co lumn.  
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Fig. 4. 1 1  S i mu lated BTCs for cymoxan i l  through Abu Samra soi l .  
onna l ized effluent concentrat ion o f  the injected pestic ides through Al  Foah 
so i l  co lumn is shown in F igure 4 . 1 2 . For th is  so i l  which has h igh organic matter 
(0. 8%), on ly d i methoate appeared in  the effluent from the so i l  co lumn with in  the t ime  
frame  of  the  experiment ( i . e .  50  hrs). The other two compounds d i d  not appear in the 
effl uent during the experimental t ime interva l .  A l though the extent of hydrolysis of 
cymoxa n i l  i n  th is  so i l  is  less than that in Abu Samra so i l  the inab i l ity to detect the 
chemica l  i n  the effluent is  due probably due to analyt ica l  d i ffic u l t ies detect ing low 
e ffluent concentrat ions due to the low in i t ia l  concentrat ion (3 mg/L) used. As for 
m etalaxyl ,  to detect th is  chem ical  w ith in the experimental t ime frame is probably due 
to the h igh retardation on the so i l .  Us ing the l i near sorpt ion coeffic ient for meta laxYI 
on Al Foah so i l  ( F ig .  4 . 5 b), a retardation coeffic ient of  40 would be est imated. 
S i m u lat ion of  meta l xy l  transport through Al Foah so i l  under the cond it ions v=2 .98 
c m/hr, 0= 1 . 04 c m2/hr, To= I .4 ,  and R=40 was done as  shown in  F ig. 4 . 1 3 . The val ue 
of A used to generate the s imu lation i s  0 .00002 I /hr (Table 4 . 1 )  and the assumption 
\\as made that no hydrolysis occurred on the so l id surface .  The figure shows that 
5 5  
sam p les should ha e been col lected for about 25  pore vo l ume (approx imate ly 6 days) 
in  order to start ob  e rv ing detectable Ie els of metalaxyl i n  the effluent of  the co lumn.  
I t  should be noted that the use a l inear sorpt ion approach to s im ulate the 
tran port of  metalaxyl through AI Foah so i l  may not be appropr iate g iven that the 
sorpt ion isotheml for this compound exhib ited a non l inear sorption behavior. The 
expectat ions is  that the BTC for this compound would exhib i t  a sharper front (as 
compared to BTC in Fig. 4 . 1 3) and a longer tail (Abu laban et a I . ,  1 998) .  Neverthe less, 
for the purpose of  demonstrat ing the inab i l ity to detect effluent concentration w ith in 
the sample co l l ect ion t ime frame employed in  th is  study, the assumption of a l inear 
sorpt ion beha ior wou ld be suffic ient. 
Fig. 4. 1 2  BTCs  of  the used pest ic ides through Al Foah soi l  co lumn.  
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Fig.  4 . 1 3  S im u lated BTC for metalaxyl us ing A l  Foah so i l .  
4.5.3 S i m u lat ion o f  the  B reakt h rough Data 
Generated BTCs of the pest ic ides were s imu lated us ing transport parameters 
obtained us ing  two d i fferent approaches: ( 1 )  the moment analysis method, and (2) the 
curve fitt ing techn ique .  The resu lts are presented in  the fo l lowing sect ions. 
4.5 .3 . 1 Determ inat ion o f  R and A. Using Moment  Ana lysis 
Equat ions 3.3 and 3.4 were emp loyed to dete rm ine the va l ues of R and A for 
the generated BTCs. The resu lts are shown i n  Table  4 .4 .  Us ing the transport 
parameters in Tab le  4 .4  a long the known values of v, D, and To, s i m u lation of 
breakthrough data were conducted us ing the equ i l ibr ium mode of CXTFIT.  
Comparison of s i m u lated BTCs with the observed data i s  shown i n  F igs . 4 . 1 4-4. 1 6 . 
Table 4 .4 : Val ues of R and A Determ ined by the Moment Method 
Soi l  Pest ic ide R A ( l /h r) � 
Ab u  Sam ra D i methoate 1 . 597 0 .0056 0 . 1 45 
Metalaxyl 3 . 1 7 1  0 .055  0 .770 
AI  Foah D i methoate 2 . 43 0 .02 1 0 .450 
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Transport of d imethoate through Abu amra and A I  Foah so i l  co lumns (F ig. 
4. J 4 and 4 . 1 6) can be desc ribed adeq uate ly using the eq u i l ibr ium model with 
transport parameters determ ined from the moment analysis .  However, movement of 
metalaxyl through Abu Samra soi l  (F ig. 4 . 1 5 ) can not being s imu lated w ith the 
equ i l i br ium mode l .  Meta laxyl showed early appearance and longer ta i l  than cou ld be 
described based on an eq u i l ibrium transport .  Th i s  behavior is  probably due to a rate 
l i m i ted transfer process that takes p lace during the transport of the chemical  through 
the soi l .  This point is  d iscussed in more deta i l s  later. 
Table  4 . 4  shows that the retardat ion coeffic ient of metalaxyl through Abu  
amra so i l  i s  a lmost tv.' ice as  h igher as  that of d imethoate. Dimethoate through A l  
Foah so i l  s howed h igher sorpt ion than on Abu Samra so i l  due  to  h igher so i l  organ ic  
m atter content.  Comparison between the ratio of the two Kd va lues for th i s  compound 
on A I  Foah and Abu Samra so i l s  ( -3 . 1 )  showed that th is  rat io is  comparable to the 
ratio of organic  matter on the two so i l s  ( i .e .  4 .0) .  
Comparison between Kd values determ i ned by the m isc ib le  d isp lacement 
study (Table 4 . 4) and correspond ing ones obta ined by sorption i sotherm (Table 4 . 1 )  
showed that the � va lues determ ined from the co lumn stud ies are 2- 1 0  t imes h igher. 
Th i s  cou ld  be d ue to the assumption made that equ i l ibr ium in the batch tubes has been 
reached in 3 days wh i le it takes longer for the compounds to reac h eq u i l ibr ium.  Under 
such cond i t ions the determ ined value of � wou ld be lower than the actual one. 
Tab le  4.4 a lso shows that the hydrolysis rate coeffic ient for d imethoate and 
metalayxl determ i ned by moment ana lys i s  are h igher than the correspond ing values of 
AI i n  Table 4 . 1 .  S i nce A determ ined by moment analysis is  a comb ined degradation 
rate constant, h igher val ues of A determ ined by moment analysis as compared to AI 
(Table  4 . 1 )  suggests that there is  an enhanced hydro lysis w ith sorpt ion.  The extent of 
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d i fferences between the combined A and AI is ampl ified b) the extent of retardat ion of 
the com pound .  
1 .2 � 1 .0 
0 .8  
0 
u 0 .6  -
u 
0 .4  
0 .2  
0 .0  
0 2 4 6 
PV 
8 
• observed 
-- simulation 
1 0  
Fig.  4. 1 4  Com parison of observed and s imu lated BTCs of d imethoate through Abu 
amra so i l  co lumn 
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Fig. 4. 1 5  Comparison of observed and s imu lated BTCs of meta laxyl through Abu 
Sam ra so i l  co lumn .  
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Fig. 4 . 1 6  Comparison of observed and s imu lated BTCs of d imethoate through AI  
Foah so i l  co lumn.  
4.5.3.2 Determinat ion of R and  A by C u rve Fi t t ing 
Transport parameters R and A for d imethoate on Abu Samra and A I  Foah so i l s  
were a lso determ ined by  c urve fitt ing using the  inverse mode of the equ i l ibr ium 
model  of CXTFIT.  The opt im ized parameter val ues are shown in  Tab le  4 . 5 .  The table 
shows that the optim ized parameters compare wel l  with those obtained us ing the 
moment method. S i mu lation curves generated using the opt im ized parameter values 
(F igs. 4 .  1 7) show that a s l i ghtly better fit to the obse rved data was obta ined for the 
case of d imethoate (F ig .  4 . 1 7  b) but the use of parameters obta ined by moment 
analysis descri bed the metalaxyl data better .  Overa l l ,  i t  can be concl uded that moment 
analysis can be used sat isfactor i ly to obta in  transport parameters w ithout the need for 
c u rve fitt ing. 
Table 4.5 Com parison of parameter values of R and A for d imethoate determ ined by 
opt im ization and moment analys is .  
Soi l  Method R A, l I h r  SSQ r2 
A I  Foah Curve fitt ing 1 .46 0 . 0624 0 . 1 85 0 .942 
Moment analysis 2 .43 0 .02 1 NA NA 
Ab u  Samra Curve fitt ing  1 . 65 0 .04 1 9  0 .056  0.993 
Moment analysis 1 . 67 0 .0056 NA NA 
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Fig. 4. 1 7  S i m u lated and observed BTCs for d imethoate transport through 
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4.5.3.3 Dete rmi na t ion of Noneq u i l i br ium Pa rameter by C u rve Fi tt i ng 
As ind icated before, the use of the eq u i l ibr ium mode l to desc r ibe the transport 
of metalax) I through Abu Samra soi l  column was not adequate (F ig .  4 . 1 5 ) .  I t  was 
spec u lated that such inadequacy was due to the presence of mass transfer process that 
cause early appearance and long ta i l  of breakthrough data. Thus, the nonequ i lbr ium 
model  was used to obta in va lues for the nonequ i l ibr ium transport parameters � and cu 
a long \\ ith the degradation rate constant us ing the inverse mode of CXTFIT. The 
a lues of  , 0, and To were set as known parameters. Moreover, the value of R 
detenn ined independently by moment analysis was used as a known parameter. The 
opt im ized values of  � and cu a long w ith the 95% confidence l i mi ts  were 0 . 747±(0 .28)  
and 0 .49± (0 .47) ,  respect ively.  The sum of the opt im ized d imensionless degradation 
rate coeffic ients in the equ i l i br ium and noneq u i l br ium sites was found to be 0 .39 .  
This  results  i n  a combi ned degradation rate coeffic ient of 0 .056 l !hr, wh ich  is c lose to 
the va lue detenn i ned by moment analysis ( i . e .  0 .055  I /hr  in Table 4 .4) .  
The opt im ized parameters were then used to s imu late the transport of 
metalaxyl through Abu Sam ra soi l  as shown in  Fig .  4 . 1 8 . C learly an improved 
s imu lat ion is obtai ned when the nonequi l ibr ium model is used. Us ing the opt im ized 
values of � and cu, the fract ion of instantaneous sorpt ion s i tes (F) and the mass­
transfer  coeffic ient (k)  can be detenn ined us ing Eqs.  (2 . 1 3 f) and (2 . 1 3g),  respect ively.  
The va lue o f  F was found to be 0 .63 and that of k 0 .082 I 1hr .  Va lue of F is a l i tt le  
h igher than what Karickhoof ( 1 980) and Karickhoof and Morris ( 1 985 )  reported .  
These authors found that approx imate ly 50% or less of the sorpt ion s i tes were in 
eq u i l ibr ium.  
Maraqa (200 1 )  deve loped an empir ica l  re lationsh ip re lat ing the  sorpt ion 
mass-transfer  coeffic ient to some system parameters :  
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( LR )-<l 9) , k = 1 .72  -;- , r - = 0 . 84 (4 .4) 
ubst i tut ing the know va lues of  L, R and v for metalaxyl on Abu Samra so i l ,  the va l ue 
of  k pred icted us ing Eq. (4 .4) would be 0 . 1 1 l lhr .  Th i s  va lue compares we l l  with the 
va lue deteml i ned experimenta l ly.  
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F ig. 4. 1 8  S i m u lat ion of breakthrough data of metalaxyl through Abu Samra soi l  us ing 
the noneq u i l i br ium transport model .  
4 . 6  P RACTICAL I MPL ICATIONS 
W ith  the reported fie ld  hydrau l ic conduct iv i ty of  I m/day and the hydrau l ic 
grad ient of  0 .00 1 i n  severa l areas in  the UAE (Wood et a i ,  2003),  the average l inear 
ve loc ity � v = K � ), for a typ ica l  moi sture content of  0 . 35 ,  w i l l  be 1 .04 m/yr. 
e d L  
Assum ing that the d ispers iv i ty in the fie ld does not deviate from that found in  the 
l aboratory ( i .e .  0 . 23  cm), the mechanica l  d ispers ion part w i l l  be 0 .0024 m�/yr. This 
va l ue i s  very sma l l ,  ind icat ing that the magnitude of molecu lar d i ffus ion cannot be 
ignored in  the fie ld .  Thus, spread ing of pest ic ides in  groundwater w i l l  not extend far 
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beyond the appl ication points under natural grad ient now cond it ions. I n  such case, 
e fforts d i rected towards invest igation of pest ic ides contamination of groundwater 
should focus on testing underly ing aqu i fers below the agric ultural areas. However, 
extens ive pumping of groundwater w i l l  increase the gradient and may enhance the 
spread ing of  pest ic ides.  
The h igh hydrolys is rate of cymoxan i l  imp l ies that th is  compound w i l l  
un l ike ly b e  present in  groundwater. However, metabol ites of th i s  compound w i l l  be 
present .  These m etabo l i tes could be more tox ic  than the compound itse l f. Hence, i t  is  
i mportant to i dent i fy  cymoxan i l  metabo l i tes and assess the ir tox ic ity .  
The low retardation coeffic ient o f  d imethoate coupled w ith IO\� hydro lysis rate 
and h igh appl icat ion rate on agricu l tural land in the UAE may lead to substant ia l  
amount of  th i s  compound leach ing to underlying aq u ifers. However, the h igh 
retardation of metalaxyl on the h igh organic matter so i l  used in  th is  study suggests 
that the compound w i l l  not eas i ly leach to deeper aq u i fers for so i l s  wi th a subsurface 
lay er  characterized as AI Foah soi l .  This compound may accumu late in the root zone 
l ead ing to p lant uptake as mechanism that affects i ts transport in the environment.  
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CHAPTER 5 
CONC LU I ONS AND RECOM M ENDATIONS 
5. 1 0 CLU I ON 
Based on the resu lts obta ined in th is  study, it was conc l uded that: 
I .  The three pest ic ides used are subject to various extent of hydrolysis with cymoxani l  
undergoes the  h ighest rate of  hydrolysis espec ia l ly a t  h igh p H .  
2 .  There wa no e ffect of l ight and ind igenous m icroorganisms on the degradation of 
the used pe t i c  ides w ith in  an experimental t ime of 3 days. 
3. Pest ic ides sorption to soi l  is i nfluenced by the soi l organic matter w ith d imethoate 
and metalaxyl are being more sorbed on the h igh organ ic  matter so i l  as compared to 
sorpt ion on the lov. organ ic  matter so i l .  
4 .  Pest i c ides sorpt ion i s  affected b y  the compound hydrophobic i ty w ith metalaxyl 
being more sorbed than d imethoate on a given soi l .  
- .  On the low organic  matter so i l ,  both d imethoate and meta laxyl sorb l i nearly, wh i le 
on the h igh organic  matter so i l  metalaxyl undergoes non l i near sorpt ion.  
6 .  The d ispers i v ity of the packed so i l  columns is i n  the order of O.2cm .  
7 .  The use o f  moment analys is to deteml ine transport parameters R and ), were 
comparable to those found by c urve fitt i ng .  
8 .  Transport of  d imethoate through the so i l  co lumns can be adequately described 
us ing an equ i l ibr ium mode l .  However, metalaxy l appears to exhibit  noneq u i l ibr ium 
d uring its transport .  
9 .  The mass-transfer coeffic ient for metalaxyl  can  wel l  be  pred icted us ing  empi rical 
re lat ionsh ips reported in the l i terature .  
6S  
1 0 . The va l ues of sorption d istribution coeffic ient determ ined from m isc ib le  
d isp lacement study were h igher than the i r  corresponding va lues determ ined us ing the 
batch techn iq ue.  
I I . There appear to be an enhanced hydro lysis of the used pest icides In  a so i l  
env i ronment a s  compared t o  there hydrolysis i n  the aqueous solut ion.  
5.2  RECOM M ENDATIONS 
1 .  The h igh hydrolys is  rate of cymoxan i l  necessitates identification of cymoxan i l  
metabol ites and the i r  level  of tox ic i ty .  A l though i t  i s  not ant ic i pated that cymoxan i l  
w i l l  b e  present i n  a l ka l i ne so i ls and groundwater typ ica l  to U A E  subsurface 
en i ronment, i ts  metabol ites m ay be present .  
2. Re earch should be a l so d i rected towards invest igat ing pest ic ides uptake by p lants 
espec ia l ly  w ith pest ic ides that have h igh retardation coeffic ient and for p lants grown 
on h igh organ ic  m atter soi l .  
3 .  Efforts shou ld  b e  d i rected towards monitoring groundwater for pestic ides 
e pec i a l l) i n  aq u i fers underlying agricu l tura l lands. 
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